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d : doublet (NMR) NMR : nuclear magnetic 
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FABMS : fast atom bombardment mass ppm : part per million 
spectrometry 
ESI : electrospray ionization Ph : phenyl 
g : gram (s) PhCN : benzonitrile 
h : hour (s) R : alkyl group 
HRMS : high resolution mass spectrometry r.t. : room temperature 
Hz : hertz s : singlet (NMR) 
J : coupling constant t : triplet (NMR) 
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Abstract 
Selective benzylic carbon hydrogen bond activation (CHA) of toluenes and 
aromatic carbon halogen bond activation (CXA) of halobenzenes were found in the 
reactions with Rh(por)Cl (por = porphyrinate) in the presence of base to give benzyl 
rhodium porphyrin complexes (FGC6H4CH2Rh(por)) and aryl rhodium porphyrin 
complex (C6H5RJi(por)) respectively. 
CHA Reactions 
Rh(por)Cl reacted non-selectively with toluene to give benzyl rhodium 
porphyrin complex (CeHsCHsRKpor)) (benzylic CHA), 3-tolyI rhodium porphyrin (3-
CH3C6H4Rh(por)) and 4-tolyl rhodium porphyrin (4-CH3C6H4Rh(por)) complexes 
(aromatic CHA) respectively. Poor functional group compatibility was found in the 
reactions with various para-substituted toluenes. Upon addition of a base, benzyl 
rhodium porphyrin complexes (FGC6H4CH2Rh(por)) as the sole products with good 
functional group compatibility in both solvent-free conditions and benzene solvent at 
120 under N： were discovered. The kinetic isotope effects for benzylic CHA were 
measured to be 4.1 in the absence of base, 4.0 and 4.2 with 10 equivalents of K2CO3 
in solvent-free and in benzene solvent conditions respectively. 
Selective benzylic CHA was also achieved in the reactions of Rh(ttp)Me with 
various para-substituted toluenes to give the sole benzylic CHA products (4-
FGC6H4CH2Rh(por)) in solvent-free conditions but only in high temperature (200 
CXA Reactions 
Rh(ttp)Cl reacted with fluorobenzene in solvent-free conditions to give 4-
fluoro-phenyl rhodium porphyrin complex (4-FC6H4Rh(ttp)) (aromatic CHA) in 18% 
vi 
yield but aryl rhodium porphyrin complex (C6H5Rh(ttp)) (aromatic CXA) in the 
presence of base (NaOH) in 48% yield at 120 Rh(ttp)Clj reacted with 
bromobenzene in solvent-free conditions at 120 to give aryl rhodium porphyrin 
complex (CeHsRhCttp)) (aromatic CXA) in 20% yield with no base and 86% yield 
with base (NaOH) respectively. 
CCA Reactions 
In the exploratory studies in the base effects of NaOH, benzylic carbon carbon 
bond activation (CCA) was discovered in the reaction of Rh(ttp)Cl with 1,3,5-






























Chapter 1 Introduction 
1.1 Definition of Carbon Hydrogen Bond Activation by Transition Metal 
Complex 
Intermolecular carbon hydrogen bond activation (CHA) by a transition metal 
complex is defined as the reaction of a a-carbon-hydrogen bond with a transition 
metal complex to give a transition metal alkyl hydride or transition metal alkyl (eq. 
1 . 1 ) . 
M + R-H ^ R-M-H or M-R (1.” 
1.2 The Importance of Alkane CHA and its Potential Use 
Alkane, the main component in petroleum, is one of the most abundant 
material in the world and is easily accessible.^ The running out of the natural resource 
in the coming decades together with the pollution produced in chemical 
transformation increase the demand of seeking alternative energy sources and more 
efficient chemical transformation pathways. 
Currently, the multi-step and indirect chemical functionalizations of alkanes 
are used in chemical industry and laboratory syntheses (R-H R-X -> R-FG, FG = 
functional group, X = halide). The development of the single step functionalization 
(R-H — R-FG) can, therefore, reduce the pollution and increase the life span of 
chemical petroleum supply. 
One of the most consumed functionalized alkane is methanol. It is synthesized 
from alkane, via the production of syn-gas from methane indirectly (eq. 1.2).2’3’4 
[Ni] Zn/Cu oxides … … ， … 
eH4 + C O + H , � 3 0 0 。 c , C H 3 O H (1.2) 
High pressure High pressure 
1 
The first successful one-step oxidation of methane into methanol by transition 
metal was reported by Shilov et al. in 1960s，where Pt(VI)，Pt(II) complexes and 
water were used (eq. 1.3).^ 
P ptc i / - „ 
P t c i f + CH4 + H2O RCl4^" + CH3OH+ 2HCI (1.3) 
e 70% 
Although it is not applicable to catalytic methane oxidation as stoichiometric 
amount of Pt(II) complex is required, it paves the road for the investigation of alkane 
transformation by transition metal catalyst. 
Periana et al. reported the oxidation of methane by sulfuric acid and Pt(II) 
complex. A better oxidant-tolerant metal complex was modified in this system. 
Methane was oxidized by a Pt(VI) complex and hot sulfuric acid in 90% yield and 
81% selectivity in 2.5 h (eq. Unfortunately, it is still not economically 
competitive enough for the established methanol-production via syn-gas in current 
technology.^ 
f S i a CH3QSQ3H + CH2(0SQ3H)2 (1.4) 
220 °C 81 % 9 % 
2.5 h 
N ^ N . . .�CI 
" = 人 八 C l 
U 
Another potential use of a CHA is the dehydrogenation of alkane, 
especially at the terminal position. Goldman et al. reported the catalytic 
2 
dehydrogenation of A7-octane into 1-octene by an iridium pincer complex at 150 for 
6 min (eq. 1.5).8 A selective terminal dehydrogenation was achieved in good yield (> 
90%) in mild conditions (150 
C6H13CH2CH3 + 'BuCHCHs 丄 ^ C e H f ^ C H s + •BuCH^CHs H 5� 
150 C, 6 m m -^ i 
> 9 0 % 
[ l r � = Q - < 
^ P (丨 BU)2 
In organic synthesis, the direct coupling of alkanes is an attractive, more 
efficient route to construct carbon carbon bond than coupling via haloalkanes. 
Equation 1.6 shows a recent example of the direct coupling (cross-dehydrgenative 
coupling).? 
0 0 + m 5mol%CuBr ‘ _ 
1.2 equiv.'BuOOH 
overnight ^ ^ J L ^ N H 
8 5 % 
1.3 Difficulties in Alkane CHA 
The inertness of CH bond is not only reflected from its old name paraffin, 
which means without affinity,之’卩 but also from its strong C-H bond strength ( � 1 0 4 
kcal/mol)9 and its low polarity (pKa ~ 4 5 ) � � 
The strong C-H bond strength is due to the low-lying of HUMO a bond orbital 
and the high-lying LUMO a* bond orbital. The number of electrons in alkane equals 
to its valance orbitals, therefore it has neither lone pair electron nor empty orbital, 
3 
making it a poor ligand. Together with its close electronegativity value of C and H 
and the low polarity of C-H bond, heterolysis of C-H bond becomes difficult.^ 
1.4 The Use of Transition Metal Complexes in CHA Reactions 
By means of transition metal complexes, the problem of CHA mentioned in 
section 1.3 can be solved by i. weakening of the C-H bond, ii. increasing the polarity 
of C-H bond, and iii. enhancing the selectivity of CHA. 
i. Weakening of the C-H Bond 
The a C-H bond coordination towards metal complex was believed to be the 
initial step in CHA reactions and was supported by spectroscopic data and theoretical 
calculations. The reaction was estimated to be exothermic (10-14 kcal/mol) upon 
coordination.”'’i3’33’53 The donation of a electron from a C-H bond to metal complex 
and the back donation of metal electron to a* orbital of C-H bond lower its bond 
strength and ease the further CHA reactions (Fig. 1). 
� M C d ^ - Q a 
Figure 1. The Donation of a Orbital from Alkane to Metal da Orbital and Back 
Donation from Metal d7i to a" Orbital of Alkane. 
ii. Increasing the Polarity of C-H Bond 
The polarity of C-H bond increases upon co-ordination and facilitate the 
4 
heterolysis of C-H bond (eq. 1.7). 
C .C 
M + C-H - M--- . M：' 1 (1.7) 
� \ I 
H� 、H 
In addition, the strong late transition metal-alkyl 60 kcal/molf^ and metal-
hydride 60 kcal/mol)65 bonds formed outweigh the energy in C-H bond 104 
kcal/mol for methane)^ cleavage, hence providing another driving force for CHA 
reaction. 
iii. Enhancing the Selectivity of CHA 
Besides easing the reaction to occur, transition metal complexes also introduce 
the selectivity in the reaction. The metal complex can control the chemo-, regio- or 
even s t e r e o s e l e c t i v i t y . ' ^ C h e m o - s e l e c t i v e CH coupling was achieved in the 
present of 2 mol % of RuH2(COXPh3)3 (eq. 1.8). Good regio-selective carbon carbon 
bond formation towards primary or tertiary carbon center was achieved in mild 
conditions and good yields (eq. 1.9). The R, R configuration of a lactone with high % 
e.e. was obtained upon the use of a chiral rhodium catalyst in the intramolecular C-H 
insertion (eq. 1.10). 
^ S i M e a O ^ 
2 mol%, RuH2(CO)(PPh3^, (18) 
� I toluene, reflux � I 
9 7 % 
5 
\ / 隨〜 , [ M ] / / CO.Et 
H — ^ ^ H + H ^ (1.9) 
[M] Regioselectvity (%) Total Conversion Yield (%) 
1° 3 ° 
[Cu] 13 87 48 
[Au] 83 17 90 
> £ - < 
Ar" = 3,5 bis(trifluoromethyl)phenyl 
Rh2(4S-MPPIM)4 ,,... 
V ^ ' ^ ^ s；^""“^ g ( ) 
O 
cis-4 
8 5 % yield, 9 9 % ee 
1.5 Classification of CHA Reactions 
Five types of CHA reactions have been classified, i. Oxidative addition, ii. a -
Bond metathesis, iii. Electrophilic activation, iv. Metalloradical activation, and v. 1,2-
Addition. 
6 
Scheme 1. Classification of CHA Reactions by Metal Complexes 
, (n+2) + 
— —— 
L m � X — H ^ LmlVTR + HX 
RlH [ UM--X 广 
_ R--H 
iii. -X" ‘ , R-H LmM(_+ + 
^ LmM(_+ 1： ^ LmlvTR + H+ 
R ^ H 
iv. R-H 
UlVr + X . LmlVTR + HX 
y (n+1)+ R-H 
： _ ^ L(m-”M=X ‘ 
R H 
i. Oxidative Addition 
Oxidative addition reactions are typical for electron rich, low valent metal 
complex with vacant coordination site(s). The coordinately unsaturated and reactive 
species [LmM"" ]^ is usually unstable and generated in-situ. The strong metal-alkyl and 
metal-hydride bonds achieved by 2"廿 and row transition metals usually outweigh 
the unfavorable entropy and enthalpy for the cleavage of a C-H bond. Therefore, 
metal complexes undergoing oxidative addition were usually found in the or 
row late transition metals (e.g. Ir(I)’i6’i7’i8Rh(i),i9,2o pt(n)，2i Re(II), 22 Os(0), 23,24)， 
since their M-C and M-H bonds are stronger than that of the 广 row (eq. 1.11-1.14). 
hv, CcHc R w 
Cp*(PMe3)lrH2 Cp*(PMe3)lr - i ^ v Cp*(PMe3)lr(R)(H) (1 川 
5.3-5.5 h 
6 4 % R = neopentanyl, 9 8 % 
2 = phenyl, 9 5 % 
Cp*(C0)2lr Cp*(CO)lr C ( ， 4 » Cp*(CO)lr(H)(CH2C(CH3)3) (1.12) 
several hours 5 5 % 
7 
[(L)PtCH2C(CH3)3(H)] 69 benzene, [(drch? (CsHsKH)] + C(CH3)4 (1.13) 
quantitative 9 5 % 
L = bis(dicyclohexylphosphino)ethane 
Cp*Re(PMe3)3 ‘ Cp*Re(PMe3)2(R)(H) (1.14) 
-oU U 
R = cyclopropane, 2 1 % 
=phenyl, 6 4 % 
ii. a-Bond Metathesis 
In a-bond metathesis reaction, the metal complex reacts with an alkane via a 
2+2, four-center transition state without the change of oxidation state in the metal 
center. Early transition metals like, lanthanide and actinide (Y，Lu, Sc, Th, Ta) 
complexes are commonly observed to undergo a-bond metathesis. ‘ ’ ’ Many of 
the transition metal complexes that undergo a-bond metathesis are reasoned to their 
forbiddance to increase oxidation state (eq. 1.15-1.16). 
Cp*Sc-CH3 + i3cH4 ——^^——V Cp*M-i3CH3 + CH4 (1.15) 
cyclohexane-di2 
rate = 1X10'^ s'^M"^[Cp*Sc-CH3][i^CH4] 
八 y CH4 � / C H 3 
C p 2 * t h J \ 60。C Cp2*Th (1.16) 
118.5 h 
2 4 % 
，7 0 Q 
Bercaw et al. and Marks et al. studied the CHA of methane in details. 
They reported (i) the first order dependence on the concentration of both metal 
complex and methane, together with (ii) a negative entropy of activation and (iii) a 
8 
complex and methane, together with (ii) a negative entropy of activation and (iii) a 
large primary kinetic isotope effect. The large primary kinetic isotope effect (kn/lcD = 
3-6) suggested that the reaction occured with significant organization at the transition 
state and the cleavage of C-H bond at or before the rate-determining step. Based on 
these three lines of evidence, a bimolecular a-bond metathesis reaction was 
suggested. 
iii. Electrophilic Activation 
Electrophilic activation reactions are usually reported in the direct 
functionalization of alkanes. The increase in polarity of a C-H bond, upon 
coordination to an electrophilic metal complex would facilitate the proton loss. 
Equation 1.17 shows an example of electrophilic activation of butanone by Pt blue 
complex in acidic media.^^ 
二 - P t � � ] (N�3)5 [ ff f r ? 广 
H J ^ (N03)3 ^ (N03)3 
35/。 34% 
(1.17) 
Cationic late transition metal complexes with low lying polarizable LUMO are 
usually found in electrophilic activation r e a c t i o n s . I n addition, polar reaction 
medium, such as water, or strong acid is usually used, due to the involvement of ionic 
complexes. 10,33 
9 
iv. Metalloradical Activation 
Transition metalloradicals, generated by photolysis or thermolysis, can 
activate R - H via radical p a t h w a y s . The reactions have smaller solvent effect 
comparing to the polar reaction pathways associated with cationic metal complexes. 
Way land, B.B. reported one of the most distinct examples of metalloradical 
activation of methane (eq. 1.18). Rh(II)(tmp)，a metalloradical, reacted with methane 
to produce (tmp)Rh]VIe and (tmp)RhH quantitatively. A ter-molecular reaction with a 
4-centered transition state was proposed. 
2(tmp)Rh. + C H , (tmp)RhCH3 + (tmp)RhH 
‘6 6 quantitative quantitative ‘ 
J, 
- ^ 丨 — 
(tmp)Rh-^C~H—Rh(tmp) 
K '"H 
tmp = tetramesitylporphyrin (section 1.9) 
V. 1,2-Addition 
The CHA by a M=X (X = N，Sn) is described as an 1,2 addition reaction. The 
reactive species of M=X are often generated in-situ as they may decompose easily 
(eq. 1.19). The large kinetic isotope effect (kn/ko = 2.4-7.3) and the first order 
dependence on the concentration of the metal complex and hydrocarbons supported 




70°C,40 h r ^ ^ 
,-C(CH3)4 广 r " ^ 
Cp*(NO)W=CH2C(CH3)2 toluene, Cp*(NO)W + Cp*(NO)W 0-19) 
7 � � c K r\ 
W t h a X ^ C H a 
ortho = 1 % 
meta = 47% meta = 12% 
para = 3 3 % para = 6 % 
1.6 The Importance of Toluene and Benzene CHA 
Toluenes and benzenes are important primary building blocks in many natural 
products, drugs and materials. The syntheses of biaryls and alkyl benzenes often 
involve the coupling reactions of aryl halide with organometallic reagents (e.g. Suzuki 
coupling).4° The development of the direct functionalization of benzylic C-H bond by 
a transition metal complex would, hence eliminate the need for the functionalized 
substrates required for the C-C or C-FG coupling reactions.^^ 
1.7 Difficulties and Challenges in CHA of Toluene 
The aromatic CH bond (-112 kcal/mol) and benzylic CH bond (88.5 kcal/mol) 
in toluene,9 have about 23 kcal/mol difference in bond strength. Based on the bond 
strength, the benzylic CH bond would be expected to undergo more facile CHA than 
aromatic CH bond, yet, the literature are full of examples of aromatic CHA in 
preference of benzylic CHA as well as non-selective CHA in toluenes. 
Poor to moderate preference in benzylic CHA was reported, in which both of 
benzylic CHA and aromatic CHA complexes were o b s e r v e d M i x t u r e of aromatic 
11 
and benzylic CHA complexes were observed in the reaction of the tungsten complex 
with toluene (eq. 1.19). Only aromatic CHA was reported in the reaction between 
Rli2(CO)4(tpp) and toluene (eq. 1.20). Wang et al. reported a slight preference in 
benzylic CH over aromatic CH in the reaction of Pt complex with toluene (eq. 1.21). 
Taking advantage of the weaker benzylic CH bond, methods for selective benzylic 
CHA would be useful and challenging. 
Rh2(CO)4(tpp) + toluene q q o q Rh(tpp)(p-tolyl) + Rh(tpp)(m-tolyl) (1.20) 
4 3 % 2 2 % 
tpp =tetraphenylporphyiin (section 1.9) 
l-Pt(CH3)2 1 • r-t^  1 h, toluene , LPt(tolyl)(CD3CN) + LPt(benzyl)(CD3CN) (1.21) 
<1.。！JgUIN 
ortho = <0.2% 550/0 
meta = 17% 
^ I n para = 9 % 
f T 
C O 
1.8 Selectivity Control and Rate Promotion 
Many studies have been carried out to explore the factors controlling the 
selectivity and rate of the CHA. Both the substitutents in toluenes, the ligands in metal 
complexes and the reaction conditions affect the selectivities and yields of CHA 
reactions. 
12 
i. Effect of Substrate 
Selective benzylic CH bond was achieved by the introduction of "blocking 
group" to the toluenes. The Pt(II) complex reacted with mesitylene in preference of 
benzylic CHA over aromatic CHA when compared to the predominant aromatic CHA 
complex observed in the reaction of /^-xylene, (eq. 1.22, 1.23).43’44 
LRCH3(TFA) ^P-xylene ‘ L ( T F A ) P t ~ ^ + L(TFA)Pt-. (1.22) 
90% 10% ^ ^ ^ 
- C H , mesitylene C J ^ + L ( T F A ) R ^ Q ^ (1.23) 
LPtCH3(TFA) ^ ‘ L(TFA) R - ^ 
25 °C = 9 5 % 5 % 
55°C = 6 7 % 3 3 % 
MegC \ / CMeg 
MegC CMeg 
ii. Effect of Ligand in Metal Complexes 
The steric effect and hindrance of ligands in metal complexes control the 
selectivity of CHA. Tilset reported that sterically more hindered metal complex (L2 > 
LI) changed the selectivity from aromatic to benzylic CHA (aromatic CHA: benzylic 
CHA = 93:7 今 10:90) (eq. 1.24).^'^ 
13 
( b 
r ' ^ p x / C H s -CHa.p-xylene ^ m V ^ ^ + m (124、�
V P t \ o H 2 CH3CN. TFE -
� 八 NCCH3 V P t � N C C H 3 
L1. 9 3 % 70/0 
L2. 10% 9 0 % 
C = LI. 
iii. Reaction Conditions 
Although the weaker benzylic CH bond is supposed to be the kinetic product, 
the aromatic CHA complexes are often observed in the reaction due to the stronger 
metal-carbon(sp ) bond formed and more facile metal 71-bond pre-coordination. 
Therefore, aromatic CHA complexes are both thermodynamic and kinetic 
products",丨 2’ 45 
Jones et al. reported the aromatic CHA of toluene by Rh(I) complex. Rh(I) 
was generated upon photolysis at -45°C and reacted with toluene to give ortho (7.6%), 
meta (56%), para (36%) aromatic CHA products and benzylic CHA product (< 1%) 
(eq. 1.25). Strong preference in aromatic CHA was observed.'^ 
� — , H 3 D 
Cp*(Me3P)RhH2 7。二 : C、 C p * ( M e 3 P ) R h - ^ ^ (1.25) 
30 min 
Yield (%) Yield (%) 




Tp'Rh(CN-neopentyl)(r|^-PhN=C=N-neopentyl) reacted with toluene to give 
benzylic, para-, and meta- CHA complexes in the ratio of 2: 4: 3. Sole aromatic CHA 
complexes were observed when the reaction mixture was further heated at 100 for 
12 h (eq. 1.26)." This piece of evidence supported the aromatic CHA pathway as both 
kinetic and thermodynamic favored. 
^ P h H H 
toluene ^ _ ] 、 + 
Mb^CCHI -PhN=C=NCH,CMe3^ \ i ^ C H , 。.二®) 
H ^ ^ 
B/ 1. 25。C, 5 min, hv, 2 2 % para = 4 4 % 
\ / / \ / meta = 3 3 % 
h w A 2 錢 12h 0% = 二 
/ .尸 h \ 
MeaCHgCNC" 
Whitesides also proposed the kinetic preference of 7i-metal pre-coordination in 
directing the aromatic CHA. Platinum complex [Pt(P-P)(Np)(H)] reacted with 
mesitylene to give both aromatic and benzylic CHA products (82 : 14) at 69 in 4.2 
h. Benzylic CHA complex was suggested to be thermodynamic product as the 
distribution of benzylic CHA product and aromatic CHA product was reversed (54 : 
46) when prolonged heat was applied for 30 h (eq. 1.27).''^ 
广 P\ -C(CH3)4 ) = \ (127) 
C^,Pt(-CH2(CH3)3)(H) mesitylene ‘ 、 ' ？ + C > t - ^ . 
69 °C, 30 h / 
1.4.2h.82% 1 4 % 
2. 30 h. 46 % 54 % 
= bis(dicydohexylphospNno)ethane 
15 
Therefore, the relative rate of formation and relative stability of M-Bn and M-
Ar are dependent on the transition metal complexes. 
iv. Effect of Base 
Base can serve as a proton abstractor towards the metal-hydride or the acidic 
proton of a a -CH metal complex to facilitate CHA reactions. Examples of base 
enhanced CHA by transition metal complexes are, however, rare. 
Peters et. al. reported the base promoted aromatic CHA where the Pt 
complex reacted with benzene and diisopropylethylamine at 150 for 36 h to give 
Pt-phenyl complex and stoichiometric amount of the [HN'Pr2Et][0Tf], while no 
reaction was observed in the absence of diisopropylethylamine (eq. 1.28).46 The role 
of base is likely to be a proton abstractor. 
1 5 0 0 。 / = \ 
[Pt]—OTf + + N'PrsEt — — ~ ~ v [ R ] ~ ^ ^ + [HN'Pr2Et][0Tf] (1.28) 
1-N'Pr2Et,150°C, 36h 90% stoichiometric amount 
. 1 / 2 . 150°C,36h no reaction 
w 
Liang et al. also reported base-enhanced CHA of Pt-OTf and Pt-Me with 
benzene. Pt-OTf and Pt-Me reacted with benzene in the presence of amine or borate 
to give quantitative amount of Pt-Ph, while no reaction was observed without the base 
(eq. 1.29, 1.30).^^ 
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[Pt]—OTf ；[卯 OQ V [ P t ] ( 1 . 2 9 ) 
benzene 
1. NEta, 2.5 h quantitative 
2. 20 h no reaction 
[Pt]—Me + f ^ — V [ R ] ~ ~ ( 1 . 3 0 ) 
benzene \：_y 
1.巳(〇6「5)3, r.t, 2.5 h quantitative 
^ I 2. 150°C,3d no reaction 
V ^ p p h . 
[Pt] = N-Pt 
Ozerov et al. reported another example of base effect. The 'naked' iridium 
complex was prepared from the iridium dihydride complex by the reaction with 
KO^Bu, and further reacted with halobenzenes to give CHA and carbon halogen bond 
activation complexes (eq. 1.31)/*? 
O f > " 
^ [ i r � ( 1 - 3 1 ) 
1. r.t, 72 h 7 1 % 0 % 
2.120°C,24h 0 % 7 0 % 
[lr]= 
W 
L p t B u 2 
1.9 Structural Features of Rhodium Porphyrins 
Porphyrin ligand is a tetradentate and dianionic ligand with an 18 tt conjugated 
system. It consists, of 4 pyrroles with methinde linkages (Fig. 2). Properties of 
porphyrins can be modified at the meso (R) and p (X) positions.48 
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X P X 
H ^ 丄 R 
X R ]< 
Figure 2. General Structure of Porphyrin. 
The modification of different aryls at the meso-position (R) and chlorides at (3-
position (X) gave different porphyrins in various electronic and steric properties. 
Some porphyrins and their abbreviations were listed below (Table 1). 
Table 1. Abbreviation of Porphyrins 
Abbreviation Porphyrin X R 
H2(oep) Octaethylporphyrin Ethyl H 
H2(tdbpp) Tetrakis-(3，5-di-tert-butyl H 3，5-((CH3)3C)2C6H3 
phenyl)porphyrin 
H2(tmp) Tetramesitylporphyrin H 2，4,6-(CH3)C6H2 
H2(ttp) Tetratolyporphyrin H 4-CH3C6H4 
H2(tpp) Tetraphenylporphyrin H CeHs 
H2(bocp) Octachlorotetrakis-(4-tert-butyI CI 4-((CH3)3C)C6H4 
phenyl)porphyrin 
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1.10 CHA by Rhodium Porphyrins 
The earliest example of intermolecular CHA with rhodium(III) porphyrin 
complex was reported by Ogoshi in 1986.^ ® Rh(oep)Cl reacted with various arenes in 
the presence of AgC104 to give aromatic CHA selectively, which gave a Hammett 
reaction constant (p = -5.43) comparable to that of the nitration of toluene with NO2+ 
(p = - 5 . 9 3 ) . Hence electrophilic aromatic substitution (SEAF) reaction was suggested 
(eq. 1.32). Selective para-CHA complexes resulted from electron-donating group 
substituted benzene, further supported the eletrophilic substitution mechanism. 
Rh(oep)CI + 怨 4 ‘ Y (1.32) 
^ ^ Fjh(oep) 





Electrophilic aromatic substitution reaction was also reported by Chan et al. in 
1998. Rh(ttp)CI reacted with refluxing benzonitrile to give meta-cyano phenyl 
rhodium porphyrin complex (eq. 1.33).49 
C N f T ^ ^ V ^ N 
reflux, 3 d iL ^ oo\ 
Rh(ttp)CI + p ^ ‘ ( 1 . 3 3 ) 
^ ^ Rh(ttp) 
3 2 % 
While cationic rhodium porphyrin complex reacted selectively with aromatic 
CH bond，selective benzylic CHA of toluene was reported in rhodium(II) porhyrin 
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radical system by Wayland.^^'^^ Rh(tmp) radical reacted with toluene to give 
Rh(tmp)Bn and Rh(tmp)H in quantitative yield (eq. 1.33). 
Rhodium porphyrin radical was proposed to react with alkane CH bond via a 
4-centered transition state, which was supported by the observed second order in 
rhodium porphyrin radical and first order in alkane in the rate equation (eq. 1.18， 
1.34). The structure of benzene and the bulkiness of Rh(tmp) precludes to attend a 
linear 4-centered transition state, Rh---C---H---Rli and restrict the required near 
tetrahedral geometry. On the other hand, the reaction with toluene occurs via the 4-
centered transition state. 
2(tmp)Rh. + toluene ^ ^ h ^ (tmp)RhBn + (tmp)RhH (1.34) 
’ 6 6 quantitative quantitative 
Ph “ 
一 （tmp)Rh.—A …H …-.Rh^tmp) — 
tmp = tetramesityl porphyrin 
Similar selectivity is well-known in organic chemistry of toluene. The radical 
bromination of toluene by NBS gives benzylic CHA of benzyl bromide. On the other 
hand, 4-bromotoluene was formed from FeCb catalyzed ionic bromination (Scheme 
2) 54,55 Therefore, the selective activation of toluene is dependent on the metal 
complex and reaction mechanism. 
20 
Scheme 2. Bromination of Toluene Through Radical and Cationic Mechanism 
N B S 
Benzoyl i 
二x」。^ r^ ij Radical Mechanism 
八 15min 
64% 
^ ^ N B S� 、�
FeCl3 ^ r ^ 
60 °C Lv U Ionic Mechanism 
7 h 丫 
Br 
60% 
Chan and co-workers have reported the selective aldehydic CHA by rhodium 
porphyrin chloride in good yields without any aromatic CHA.^' The pre-coordination 
of carbonyl oxygen likely controls the selectivity (eq. 1.35). 
1 d, 200。C 
Rh(ttp)CI + P h C H O ^ Rh(ttp)COPh (1.35) 
7 9 % 
1.11 Objective of the Work 
In the view of the similar bond strength of aldehydic CH bond (88.7 kcal/mol) 
in PhCHO and benzylic CH bond (88.5 kcal/mol) in PhCHs,^ we sought to 
1. explore CHA reaction of toluene with Rh(por)Cl 
2. enhance or control the selectivity of CHA 
3. gain mechanistic understandings of CHA 
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Chapter 2 CHA Reactions of Toluenes by Rh(por)Cl 
2.1 Synthesis ofRh(por)Cl 
Rh(por)Cl were synthesized in moderate to good yields by the reactions of 
free porphyrin ligands with rhodium(III) trichloride in refluxing benzonitrile (eq. 
2.1).49 Figure 1 shows the rhodium porphyrin chlorides used in this research. 
H2(por) + RhCl3 ——^~~V Rh(por)CI (2.1) 
1.3,4 
Rh(por)Cl Time (h) Yield (%) 
Rh(tdbpp)Cl (4) 3 h 70 
Rh(ttp)Cl (1) 4 h 72 
Rh(bocp)Cl (3) 8 h 50 
Rh(tdbpp)CI (4) Rh(ttp)CI (1) Rh(bocp)CI (3) 
Figure 1. Structures of Rhodium Porphyrin Chlorides. 
2.2 Temperature Effects of CHA in Toluene 
Non-selective CHA 
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Initially, when Rh(ttp)Cl (1) was heated in toluene under N2 at 50 for 3 d, 
no reaction occurred. When the temperature was increased to 120 Rh(ttp)Bn (2a), 
Rh(ttp)(4-tolyl) (2b) and Rh(ttp)(3-tolyl) (2c) were isolated as an inseparable mixture 
in 26%, 26%, and 13% respectively (2:2:1) by NMR analysis (Table 1’ entry 2). 
Prolonged reaction time at 120 for 7 d gave similar product yields (Table 1, entry 
3). CHA had been successfully achieved but was not selective. 
In order to optimize the reaction conditions, the reaction temperature was 
increased to 200 2a was observed as the major product in 65% with only trace 
amounts of 2b and 2c observed in the NMR spectrum of crude mixture (Table 1， 
entry 4). The selective formation of the apparently less stable 2a suggested that it may 
be formed (1) from 2b and 2c as a consecutive product, or (2) as a parallel product 
with a higher energy of activation. 
i j ] r ^ z 
Rh(ttp)CI + r j Temperature T,nae + 丁 丫 
^ N2,Dark ^^(叩） Rh(ttp) Rh(ttp) ( ) 
1 2a 2b 2c 
Table 1. Temperature Effects on CHA Reactions 
Entry Temperature ( " C ) T i m e (d) Yield (%) Yield ( % ) Y i e l d (%) 
2a 2b 2c 
1 50 3 No reaction 
2 120 3 26 26 13 
3 120 7 28 14 14 
4 200 1 65 trace trace 
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2.3 Inter and Intra Molecular Exchange of Rh(por)R Complexes 
When 2a or 2b were heated in toluene separately, no reaction occurred after 
prolonged heating at 200 (eq. 2.3 and 2.4). The lack of interconversion of 2a and 
2b may be due to the lack of a kinetically accessible coordination site. Therefore, 2a, 
2b and 2c were not formed from consecutive pathways, but from parallel pathways in 
the CHA reaction. 
tol uene 
Ng.Dark 
Rh(ttp)Bn ——^X • Rh(ttp)(tolyl) 




Rh(ttp)(4-tolyl) X ^ Rh(ttp)Bn 
2b 1.120°C,3 d 2a 
2.200°C,2 d 
2.4 Electronic Effect of Rhodium Porphyrin Chlorides 
Electronic effect of Rh(por)C丨 on the CHA was observed. Rh(bocp)Cl gave 
Rh(bocp)(4-tolyl) as major product and Rh(ttp)Cl gave the highest total product yields 
(Table 2，entries 1 and 2). Rh(tdbpp)Cl was the least reactive (Table 2, entry 3). The 
ratio of aromatic to benzylic CHA complex increased with more electron deficient 
rhodium porphyrin chloride (Table 2, entries 1 and 2). 
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Rh(por)CI+ PhCHa 1〇’ ^ ^  Rh(por)Bn + Rh(por)(4-tolyl) + Rh(por)(3-tolyl) (2.5) 
N2,Dark 
1 2a-4a 2b, 3b 2c 
Table 2. Porphyrin Effects on CHA of Toluene 
Entry ^ Yield (%) Yield (%) Yield (%) Total yield (%) 
1 b ^ 3a (trace) 3b (45) 45 
2 ttp 2a (26) 2b (26) 2c (13) 65 
3 tdbpp 4a (9) 9 
2.5 Electronic Effect of Toluenes Towards CHA 
The optimized reaction conditions were then applied to various 4-
functionalized toluenes (Table 3). The rates and yields of reactions decreased with 
toluenes bearing electron-withdrawing substituents (reaction rate: FG = OMe � t B u > 
(m-Me)2 ~ H ~ F). The yield increased slightly for electron-deficient toluene (Table 3, 
entry 7). For 4-substituted toluenes, no aryl CHA was observed, presumably due to 
the steric blocking effect of the 4-substituents. 
Functional group tolerance was limited. A complex reaction mixture was 
observed with 4-nitrotoliiene and may be due to the electron-transfer of the reactive 
nitro-group (Table 3, entry No reaction occurred with 4-cyanotoluene. The 
strong chelation of nitrile group to rhodium to form a coordinately-saturated complex 
likely inhibited the CHA reaction to take place (Table 3, entry 8). 4-Methyl aniline 
(Table 3, entry 1) gave Rh(ttp)Me ( lb) in 53%, which may come from the more facile 
C-N cleavage. 
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FG r ^ ^ F G 
Rh(ttp)CI + I — •� 「 （2.6) 
丫 Time Fih(ttp) 
1 1b, 2a-2h 
Table 3. Electronic Effect of Toluenes on CHA Reactions 
Entry FG Time Yield(%) 
1 NMe2 y d Rh(ttp)Me ( lb) (53) 
2 OMe 2 d 2d (78) 
3 OH 3 d unknown 
4 'Bu 2 d 2e (84) 
5 (w-Me)2 3 d 2g (35) 
6 3 d 2a (26) 
7 F 3 d 2h (72) 
8 CN 3 d No reaction 
9 NO2 1 d Decomposition 
a: 2b in 26% and 2c in 13% 
2.6 X-Ray Data 
The red blocks of crystals of (m-CH3)2C6H3CH2Rh(ttp) (2g), and 4-
FC6H4CH2Rh(ttp) (2h) were prepared by slow diffusion of methanol into CH2CI2 
solution while that of 4-CH3C6H4Rh(ttp) (2b), 4-'BuC6H4CH2Rh(ttp) (2e) were 
prepared by slow diffusion of ethanol into CHCI3 solution (Fig. 2). 
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Figure 2.1-2.4. The conformations of porphyrins in 2b，2e, 2g, and 2h, showing the 
displacement of the core atoms and of Rh from the 24-atom least 
squares plane of porphyrin core (in pm; negative values correspond to 
displacement towards the benzyl or phenyl ligands). Absolute values 
of the angles between pyrrole rings and least-squares planes and 
angles between tolyl substituents and the least-squares plane are 
shown in bold. 
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Table 4. Selected Bond Distances (A) and Angles (deg) for Rh(ttp)R 
Entry Rhodium Porphyrin Rh-Ca Rh-Ca-Cp Max. deviations Rh-Naverage 
Complexes (A) (deg) from 24-least sq (A) 
plane (A) 
1 4-CH3C6H4Rh(ttp) 2.003(6) 0.488(6) 
(2b) 
2 4-tBuC6H4CH2Rh(ttp) 2.079(6) 116.3(4) 0.162(5) 2.019 
(2e) 
3 3，5-(CH3)2C6H3CH2Rh(ttp) 2.057(4) 115.4(3) 0.228(4) 2.022 
(2g) 
4 4-FC6H4CH2Rh(ttp) 2.072(5) 115.8(3) 0.132(4) 2.024 
(2h) 
The substituents on toluenes do not affect the bond lengths between Rh-
Ca (2.057- 2.079 A) and the bond angles of Rh-QrCp (115.4-116.3°) as they are 
similar to the Rh-Ca of CeHsCHzRhOtp) (2.064 A, 115.8。）reported by Chan et al^' 
and within the values observed in other organometallic Rh(por) derivatives (1.896 -
2.078 A).52'48b’c Similarly, the bond lengths of Rh-Ca and the bond angles ofRh-Ca-Cp 
of 4-FGC6H4CORh(ttp) (FG = H (1.950 A), F (1.976 A), CF3 (1.941 A)) are not 
affected by the para-substituents either.^' The substituted benzyls do not cause large 
distortion from planarity of the rhodium porphyrin complexes: 2e (0.162 A), 2g 
(0.228 A), 2h (0.132 A) (Fig. 2，Table 4，entries 2-4) but 2b (0.488 A) (Fig. 2，Table 
4，entry 1). 
A rather significant saddle distortion of the porphyrin with the P-carbons of 
pyrrole alternately displaced above and below the mean plane of the core (max = 
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0.488 A) was observed for 4-CH3C6H4Rh(ttp) (2b) while very small distortion was 
observed for other Rh(ttp) benzyl complexes 2g, 2h, and 2e with the slight increase in 
distortion with bulkier substituents (FG = ^Bu (maximum deviation = 0.162 A), {m-
CH3)2) (maximum deviation = 0.228 人）on the phenyl ring. The maximum deviation 
of 4-CH3C6H4R-h(ttp) (2b) (0.488 A) for a porphyrin-core atom from the 
corresponding 24-atom least-squares plane are also significantly larger than those 
observed in various other rhodium porphyrin substituted phenyls, 3-CNC6H4Rh(oep) 
(0.18 A)49a but similar to the rhodium porphyrin alkyl Rh(tpp)CH2Cl (0.484 A).^' The 
larger distortion of 2b than 2e, 2g and 2h may be a result of more unfavorable steric 
interactions of the phenyl than benzyl ligands towards the porphyrin plane. 
2.7 Mechanistic Studies 
Isotope effect 
To find out whether the C-H activation is involved in the rate-determinating 
step, kinetic isotope effect was measured by competition experiments. 
Rh(ttp)Cl and an equimolar mixture of toluene and toluene-dg were heated at 120 
under N2, The aryl and benzylic rhodium porphyrins were not separated but isolated 
together after column chromatography. The isotope ratios were calculated from the 
integration of the benzylic and aryl protons (Calculation was shown in experimental 
section). 
Both types of CH bond cleavage at or before the rate-determining step were 
suggested by the large kinetic isotope effect (aryl kn/ko = 6.63, benzylic kn/kD = 
4.13)53 (Table 5). 
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Table 5. Isotope Effects Obtained by ^H NMR 
( k H / k D ) o b s 
Entry Benzylic CH Aromatic CH 
i 4T3 ^ 
In summary, it was observed that the rate of CHA increased with the 
electrophilicity of metal center. Therefore, Rh(ttp)+ was likely an intermediate. The 
rationale of the increase in benzylic CHA reaction rates with electron-donating 
substituents may be due to the increase in binding to the metal center. One of the 
possible reaction mechanisms for the aromatic CHA may be the S e A f , but the 2 to 1 
distribution of para to meta aromatic CHA complexes reflects that it is not a simple 
S e A f reaction.^' 
The reaction of a transition metal complex cation with a hydrocarbon can be 
reasoned as an electrophilic CHA reaction to give (1) a new C-C bond and a proton, 
and (2) alkane and another carbocation (E+) (Scheme 1) in a parallel rnanner.^^ 
Scheme 1. Parallel Electrophilic CHA Reactions of Hydrocarbons 
+ H® 
E® + R-H 一 E ® . - f — 
H 
‘ © 
E-H + R 
Previous results of aldehydic CHA from our group also suggest that Rh(ttp)Cl 
initially dissociates into Rh(ttp)+ and CI" heterolytically and generates Rh(ttp)H and 
Rh(ttp)COPh upon the coordination of Rh(ttp)+ to benzaldehyde (Scheme 2).^' 
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RJi(ttp)H was a suggested intermediate in the reaction of Rh(ttp)Cl with aldehyde and 
reacted further with PhCHO to give Rh(ttp)COPh. 
Scheme 2. Proposed Parallel CHA Mechanism 
© 
• Rh(ttp)R + H 
heat R H (R 
Rh(ttp)CI ~ ^ Rh(ttp)+ 门 k (ttp)Rh+…. 一 R-H 
H 
C「 ^ Rh(ttp)H + R ® 
R = P h C O , PhCHg 
CHA of toluenes likely occurs in a similar parallel manner. Therefore, 
Rh(ttp)H (la) was synthesized independently by reductive protonation of Rh(ttp)Cl 
with NaBHVHCI (eq. 2.7)." Indeed Rh(ttp)H reacted with toluene to give Rh(ttp)Bn 
in 50% yield in a shorter time of 1 d (eq. 2.8). 
R 1.NaBH4/NaOH,BOH,70。C,N2 ‘ Rh(ttp)H (2.7) 
. 2.HCI’15 min’0°C , 1 la 
7 0 % 
Rh(ttp)H + PhCHg 120°C,N„DaiV Rh(ttp)Bn 
1a 1 d 2a (2.8) 
5 0 % 
2.8 Ligand and Base Effects 
Ligands and bases play important roles in many organometallic reactions. In 
many cases, ligand modification is a useful way to tune the reactivity of metal 
complex. Furthermore, labile or non-coordinating ligands can sometimes act as 
organic base (Section 1.8). Peters"^^ and Liang^^ separately reported the use of amines 
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as proton abstractors in the CHA reactions of platinum complexes with benzene as 
mentioned in Section 1.8 (eq.1.29 and 1.30). Nucleophilic base was used in some 
CHA reactions. Ozerov"^^ and Goldman^' separately reported the rate enhancement of 
CHA with iridium complexes by base. KO^Bu or norbornene was used to give a 
"naked" iridium cation from iridium dihydride to achieve the chelation-assisted ortho 
aryl CHA of halobenzenes, nitrobenzene and subsequent aromatic carbon halogen 
bond activation were achieved (Section 1.8, eq. 1.31). 
i) Coordinating and Non-coordinating Ligands 
In order to increase the rates, yields and functional group compatibilities in 
CHA, different coordinating and non-coordinating liagnds were examined and Table 
6 lists the results. 
Rh(叩)C 丨 + O . . o T s d - + T (2.9) 
^ 1 二 r _ p ) 
1 2a 2b 
Table 6. Effects of ligand on CHA 
Entry No. of Ligand/L Yield (%) Yield (%) 
equiv. 2a 2b 
1 1 PPh3 No CHA reaction observed 
2 30 Pyridine No CHA reaction observed 
3 30 2,4,6-collidine 16 
4 30 2,6-ditertbutylpyridine 46 18 
Upon the addition of coordinating ligands (Table 6，entries 1 and 2), no CHA 
products were observed. Formation of coordinating complex likely shut down the 
33 
CHA reaction. When the more bulky less-coordinating ligand 2,4,6-collidine and non-
coordinating ligand 2,6-ditertbutylpyridine (Table 6，entries 3 and 4) were used, 
higher selectivity for benzylic CHA was observed. This discovery of the base-
promoted CHA, had led to the investigation of other bases. 
ii) Effects of Nucleophilic Bases 
Table 7 lists the results of the selective benzylic CHA promoted by various 
inorganic bases. The rate of reactions follows: NaOH > K2C03> KOH ~ K3PO4 > 
KHCO3. This trend in general follows the basicity of the base. 
Rh(ttp)CI + PhCH3 lOequiv- ofbase^ Rh(ttp)Bn (2.10) 
120 C, N2 
1 2a 
Table 7. Nucleophilic Base Effects on CHA 
•• • — y n • ‘ 
Entry Base pKa Time (min) Yield (%) 
2a 
1 NaOH 118 45 ^ 
2 KOH 13.5 60 94 
3 K3PO4 12.32 60 77 
4 K2CO3 10.33 30 97 
5 KHCO3 6.35 600 94 
It was found that sodium hydroxide and potassium carbonate gave the highest 
rate and yield enhancement. The rate and yield enhancement may be due to (1) the 
facilitated proton abstraction in the benzylic C-H—Rh complex and/or (2) the 
formation of intermediate, which reacts faster with toluene to give 
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Rh(ttp)Bn. For aryl C-H---Rh complex, the base effect is not significant as the aryl 
CH is much less acidic and other mechanism such as S e A f may be more important. 
Scheme 3. Proposed Roles of Base as a Proton Abstracter or Formation of 
Rh(por)OH 
1. (ttp)Rh+ + Ph-A - “ (ttp)Rh-^-r V I + H:Base 
H K e Rh(ttp) 
^—‘ ： Base 
A 
Rh(ttp)CI — ^ R _ P ) + + CI- P h C H 3 . K , C Q ^ Rh(ttp)Bn + KHCO3 + KCI 
PhCHa 
2. Rh(ttp)CI + N a O H _ p ) 〇 H + NaCI ^ Rh(ttp)Bn + H g O 
2.9 Optimization of Reaction Conditions 
The weaker base, potassium carbonate, would likely confer broader functional 
group compatibility. The numbers of equivalents of potassium carbonate and the 
reaction temperature were therefore optimized. No reaction or decomposition was 
found at low temperature (r.t. to 50 °C). The reaction took place at 120 °C (Table 8). 
Rate and yield increased with more base added and leveled off at 10 equivalents 
(Table 9). 
Rh(ttp)C 丨 + PhCH3 Rh(ttp)Bn (2.11) 
1 2a 
Table 8. Temperature Effects with K2CO3 
£ ^ 1 7 Temp f C ) f h ^ Yield (%) 
2a 
1 r.t. 3 d No reaction 
2 50 3 d Decomposition of starting material 
3 120 30 min 97 
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Rh(ttp)CI + P h C H g n o • ？ ； 广 ( 2 . 1 2 ) 
120 C, N 2 
1 2a 
Table 9. Effect of Equivalents of K2CO3 
Entry No. of equiv. Time (min) Yield (%) 
ofKzCOs 2a 
1 i m ^ 
2 5 240 77 
3 10 30 97 
4 20 30 97 
5 100 30 96 
2.10 Electronic Effect of Toluenes 
Table 9 lists the results of the optimized base-promoted benzylic CHA. 
Reaction times were reduced from 3 d (Table 1, entry 2) to 30 min (Table 8，entry 3) 
upon the addition of K2CO3. Selective benzylic CHA and broader functional group 
compatibility were achieved when compared to that without base (Table 3). The 
reaction rate decreased from electron-donating group (OMe), reached a minimum at 
aldehydic and fluoro groups and then increased again with the more electronegative 
functional groups (CN, NO2) (Table 10). The substituents electronic effects on rates 
and yields can be rationalized by relative importance of the facilitated a-coordination 
step (Ki, Ki= ki/k-i), enhanced by electron-donating substituents and the cleavage of 
benzylic CH step (k�)，promoted by electron-withdrawing substituents (Scheme 4). An 
electron-donating group would increase the electron density in the benzylic CH bond 
and favors the binding to the rhodium porphyrin center (K!), increasing the 
concentration of C-H—Rh complex. As the overall CHA reaction increased with 
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electron poor substituents, the rate-determining step likely changed from the binding 
step (Ki) to the cleavage step 似 ( S c h e m e 4). 
FG n I 
义 u r ^ ^ k 
(ttp)Rh+ + f ’ . � 1 ‘ (ttp)Rh^-l ~ … … + HBase 
I J H ^ Rh(ttp) 
\ ^ ： Base 
Scheme 4. Effects of Substituents on CHA 
FG 
Rh(ttp)CI + f \ lOequiv.ofbasg^ (2.13) 
^ 120�C,N2’ Flh(ttp) 
1 2a-2j 
Table 10. K2CO3 and NaOH Promoted Benzylic CHA 
K2CO3 NaOH 
Entry FG Time (min) Yield (%) Time(min) Yield (%) 
1 NMe2 60 Unknown 
2 OMe 30 2d (92) 30 2d (98) 
3 OH 60 Unknown 
4 45 2e (98) 45 2e (82) 
5 Me 45 2 f (90 ) 45 2 f ( 7 7 ) 
6 0 - M e ) 2 45 2g (45) 45 2g (55) 
7 H 30 2a (97) 45 2a (79) 
8 CHO 15 2k(39)a 
9 F 240 2h (64) 240 2h (60) 
10 CN 60 2i (83) 
11 NO2 30 2j (98) 45 2j (75) 
a. 2f was also obtained in 31% 
3 7 
The comparison of K2CO3 and NaOH with various substituted toluenes was 
also investigated. NaOH gave a slower rate and lower product yields in most of the 
cases. 
2.11 Concentration Effects of Toluenes (Reaction in Benzene) 
When the CHA reaction was carried out in benzene as the solvent, Rh(ttp)Bn 
still formed in high yields when at least 10 equivalents of K2CO3 were used, though 
slower rates were observed (Table 11). Other functionalized toluenes also gave high 
product yields (Table 12). Even 4-methylbenzaldehyde underwent selective benzylic 
CHA reaction to give (4-CHOC6H4CH2)Rh(ttp) in 75% yield (Table 12, entry 6). 
Rh(ttp)CI + no.ofequiv.of PhCH3 _ 1 0 equiv. of K2C0g, ^ Rh(ttp)Bn (214、�
benzene.120°C, Ng.Dark ^ (^ ‘^^ ) 
1 2a 
Table 11. Optimization of no. of Equivalents of Toluene 
Entry no. of equiv. of Time (h) Yield (%) 
PhCHs 2a 
1 \ 2 16 45 
2 5 2 56 
3 10 1.5 75 
4 20 1.5 75 
No. of equiv. references to Rh(ttp)Cl 
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-G 
Rh(ttp)CI + 1 0 e q u i v . f f l _ 1 0 equiv. of K^COa ^ (2.15) 
benzene,120 C , N2.Dark (4h(ttp) 
1 2a-2k 
Table 12. Concentration Effect on Various Toluenes 
Emi^ FG Time ( h ) Y i e l d (%) 
1 NMe2 • Ka.^ 
2 OMe 1.5 2d (76) 
3 OH 1.5 N.A. 
4 H 1.5 2a (75) 
5 Br 1.5 21 (57) 
6 CHO 1.5 2h (75) 
7 NO2 1.5 2j (70) 
No. of equiv. references to Rh(ttp)Cl 
2.12 Porphyrin Effects in the CHA of Toluene 
In order to investigate the influence of electronic effect of metalloporphyrin in 
the presence of base, the reactions of toluene with Rh(bocp)Cl, Rh(ttp)Cl and 
Rh(tdbpp)Cl were examined (Table 13). Selective benzylic CHA and the 
enhancement in rate and yield were observed upon the addition of NaOH. 
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Rh(por)CI + PhCH3 lOequiv.ofNaOf^ Rh(por)Bn (216) 
1,3,4 2a-4a 
Table 13. Base Effect upon the Addition of NaOH 
Enti7 ？or Time (h) Yield (%) 
1 tdbpp 120 4a (89) 
2 ttp 45 2a (94) 
3 bocp 15 3a (86) 
Similar to the previous study of porphyrin effect in Section 2.4, the fastest 
reaction rate was observed in the most electron-deficient rhodium porphyrin. The 
enhanced electrophilicity of electron-deficient rhodium porphyrin cationic species 
may be responsible. 
2.13 Mechanistic Studies 
Isotope effect 
Measurements of the kinetic isotope effect were carried out by the reaction 
between Rh(ttp)Cl and the pre-mixed equimolar mixture of toluene and toluene-dg at 
120 °C with a base, under N2. The products were isolated by column chromatography 
and their ratios were determined by the ratio between P-pyrrole and benzylic proton 
signals in NMR spectroscopy and mass spectrometry (Detailed calculations were 
shown in experimental section). 
The isotope effects ( Ich / Icd) , upon the addition of K2CO3, were determined to 
be 4.0 and 4.2, in the solvent-free conditions and in benzene solution respectively 
(Table 14). The isotope effect, upon the addition of NaOH, was found to be 4.3.^^ 
This piece of evidence strongly suggested that the carbon hydrogen bond cleavage 
occurred at or before the rate-determining step. 
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广 I ^ Z D a J 0 " H 7 / D 7 
Rh(ttp)CI + lOequiv. k J 10 equiv. of base ^ (2.17) 
I 120�C,N2’ Dark, solvent Rh(ttp) 
H:D=1:1 
Table 14. Isotope Effects of Benzylic CHA 
Entry Base Solvent Time Benzylic (Rh/Icd )obs 
M ^ 丨 H N M R ^ 
1 nil solvent-free 3 d 4.13 
2 K2CO3 solvent-free' 30 min 4.0 3.98 
3 K2CO3 benzene 90 min 4.2 4.17 
4 NaOH benzene 45 min 4.3 4.33 
a. 1:1 toluene:toluene-d8 was used as solvent 
Scheme 5 illustrates a proposed mechanism of CHA. Two benzylic CHA 
pathways are possible. (lA) Rh(por)Cl initially undergoes heterolysis to give Rh(por)+ 
and Cr. (IB) Then the benzylic CH bond coordinates to the Rh metal center (Section 
2.9). (IC) The benzylic C-H bond is then cleaved and the cleavage is facilitated by the 
proton abstraction by base (Section 2.9). Alternately, (IIA) Rh(ttp)Cl undergoes 
ligand substitution with NaOH to give Rh(ttp)OH. (IIB) Rh(ttp)OH then reacts with 
the benzylic CH bond via either oxidative addition or a-bond metathesis (IIC) to give 
Rh(ttp)Bn (2a). The hydroxide group acts as an internal base to abstract the benzylic 
proton to form the Rh(ttp)Bn (2a). 
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Scheme 5. Proposed Mechanism for Base-Promoted CHA by Rh(por)Cl 
.Ph 
(por)RhCI LA h e a t 、 ( p ^ ^ j R h ^ 丨日「卜气 ^ ^ V h I C NaOH y , � � “ 
+ or K2CO3 porRh 
CI- (por)Rlh+ 2 
Ph 
NaCI _ R 、�
2.14 Conclusion 
Carbon-hydrogen bond activation of toluenes by Rh(por)Cl was achieved. In 
the absence of base, non-selective benzylic and aryl CHA were found. A slight 
enhancement in selective benzylic CHA by 2,6-ditertbutylpyridine was observed. 
Selective benzylic CHA with good to excellent rate and yield enhancements 
and broader functional group compatibilities were accomplished when K2CO3 and 
NaOH were used. Rh(por)OH was suggested to be an intermediate in the NaOH 
promoted benzylic CHA. 
2.15 Reactions of Rh(ttp)Me with Toluenes 
Besides transition metal chlorides, transition metal methyl complexes are well 
known to undergo CHA reactions. The generation of methane by formal metathesis is 
believed to provide the driving force for the CHA r e a c t i o n s ^ ? 
2.16 Selective Benzylic CHA 
Indeed, Rli(ttp)Me reacted with toluene at 2 0 0 � C in 2 h to give Rh(ttp)Bn in 
940/0 yield (Table 15, entry 3). No reaction occurred at lower temperatures. Rh(ttp)Me 
(lb) is less reactive than Rh(ttp)Cl (1) but more selective. 
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Rh(ttp)Me + PhCHg T e识：二 ‘ Rh(ttp)Bn (2.18) 
1b 2a 
Table 15. Temperature Effects on CHA 
Entry Temp f C) Time (h) Yield (%) 
2a 
1 r.t. 72 No reaction 
2 120 72 No reaction 
3 200 2 94 
Various 4-substituted toluenes also reacted with Rh(ttp)Me ( lb ) but required a 
longer reaction time than that of Rh(ttp)Cl (1). 
J! r ^ F G 
Rh(ttp)Me + [ y 200 °C. Time ^ X ^ (2.19) 
^ ^ Ng.Dark [ ‘ 
Rh(ttp) 
1b 2a-2g 
Table 16. Electronic Effects on CHA 
Entiy FG Time (h) Yield (%) 
1 OMS ^ 2d (71” 
2 OMe 72 2d ( 8 � 
3 'Bu 24 2e (74) 
4 Me 48 2 f (85 ) 
5 (w-Me)2 48 2g (84) 
6 H 2 2a (94) 
a. CH3C6H40CH2Rh(ttp) (2n) was also found in trace amount 
b. Rh(ttp)Me ( lb ) was also found in 87% 
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2.17 Isotope Effect 
The kinetic isotope effect was measured by the reaction between Rh(ttp)Me 
and the pre-mixed equimolar mixture of toluene and toluene-dg at 200 °C，under N2. 
Similarly, the isotope ratio was calculated from NMR integration and mass 
spectrometry to be 2.80 and 2.86 respectively (Calculation was shown in the 
experimental section). These values are lower than that of Rh(ttp)Cl (Table 5). 
Different mechanisms are likely operating. 
2.18 Discussion 
Rh(ttp)Me may undergo homolysis into (1) Rh(II)(ttp) and Me radicals or 
heterolysis into (2a) Rh(ttp)VMe' or (2b) Rh(ttp)7Me+ (Scheme 6). The rate of 
formation of Rh(II)(ttp) and Me radical by homolysis is too slow to account the 
reaction rate, due to the strong Rh-CHs bond (about 60 kcal/mol).^' Likewise, 
heterolysis is also unlikely. Therefore, the concerted a-bond metathesis or oxidative 
addition may be a more accessible reaction pathway (Scheme 7). The distinction of 
the two, however, is difficult and requires the isolation of an intermediate from the 
oxidative a d d i t i o n ? 
Scheme 6. Non-Concerted Homolysis or Heterolysis of Rh(ttp)Me 
1 _ R h ( t t p ) » + M e • 
Rh(ttp)Me 2a 
• Rh(ttp)+ + Me" 
R h _ - + Me+ 
4 4 
Scheme 7. Concerted Pathways of Benzylic CHA by Rh(ttp)Me 
Oxidative f “ 
addition ‘ Rh(ttp) 
PhCHsH Me 
PhCHa L � 
Rh{ttp)Me ^ Rh(ttp)Bn + CH4 
a-Bond� 「 1 
metathesis Me—Rh(ttp) 
^ I I 
H—CHjPh 
2.19 Exploratory Studies of Other Base-Promoted Reactions 
In the light of the base-promoted benzylic CHA reactions mentioned in 
Section 2.9，exploratory studies of base effects in other reactions were carried out 
with haloarenes and alkyl benzene. 
2.20 Benzylic CHA and Aromatic Carbon Halogen Bond Activation (CXA) 
Reactions 
Halobenzenes, with both C-X and C-H bonds, are among the most commonly 
used organic substrates."^''^' Their transformations by transition metal to achieve either 
selective CHA or CXA are therefore crucial investigation topics (Scheme 8). 
Scheme 8. Selective Aromatic CHA and CXA 
Selective 
aromatic v 
X g H A V 
M . ( A _ 
； ^ ^ Selective 
^ ^ aromatic 
C X A ‘ 
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In the previous study of benzylic CHA with various para-substituted toluenes 
(Section 2.5), benzylic CHA was observed as the sole product in the reaction of 
Rh(ttp)Cl with 4-fluorotoluene. However, carbon halogen bond activation (CXA) was 
observed in the reactions of Rh(ttp)Cl with 4-bromotoluene and 4-iodotoluene to give 
Rh(ttp)(4-tolyl) (Table 17，entries 3 and 4). 
Rh(ttp)CI + ‘ r " " ^ + I + Rh(ttp)X (2.20) 
Y Ns.Dark F^ h(ttp) Rh(ttp) 
1 2h,2l 2b 1c, 1d 
Table 17. Benzylic CHA and Aromatic CXA in 4-Halotoluenes 
Entry X Yield (%) Yield (%) Yield (。/。） Total Yield (%) 
1 F 2h (72) 72 
2 CI 21(41) 2 b (11) 52 
3 Br 2b (23) Ic (52) 75 
4 I 2b (49) Id (48) 97 
Rh(ttp)Cl reacted with 4-chlorotoluene to give both benzylic CHA and CXA 
product in 41% and 11% yield respectively (Table 17，entry 2). The absence of 
benzylic CHA products in bromo and iodo substrates (Table 17, entries 3 and 4) may 
be due to (1) the non-competitive CHA pathway, or (2) the benzylic CHA products 
further reacted with the excess substrates or undergo rearrangement to give the 
aromatic CXA product. To examine the above possibilities, the reaction of Rh(ttp)Cl 
(1) with 4-bromotoluene was carried out in the same reaction conditions. In a shorter 
reaction time of 6 h, small amounts of both CHA and CXA products were observed 
(Table 18，entry 1). It suggested that, both CXA and CHA pathways are operating at 
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120 4-BrC6H4CH2Rh(ttp) (2m) was independently synthesized by reductive 
alkylation to examine its intermediacy." 4-BrC6H4CH2Rh(ttp) (2m) was stable in 
benzene at 120 for 3 d. Therefore it is thermally stable and does not isomerize. 
When 4-BrC6H4CH2Rh(ttp) (2m) reacted with 4-bromotoluene for 3 d, Rh(ttp)(4-
tolyl) (2b) was formed in 50% yield (Table 18). It suggested that Rh(ttp)Cl reacted 
with 4-bromotoluene to give 4-BrC6H4CH2Rh(ttp) (2m) which further reacted with 
the excess substrate to afford Rh(ttp)(4-tolyl) (Scheme 9). Therefore 4-
BrC6H4CH2Rh(ttp) (2m) (CHA) is an intermediate of Rh(ttp)(4-tolyl) (2b) (CXA). 
Rh(ttp)R + 4-BrC6H4CH3 120 °C.N^.Dafi<^ 4-BrC6H4CH2Rh(ttp) + Rh(ttp)(4-tolyl) (2.21) 
Time 
1,2m 2m 2b 
Table 18. The Inter-Conversion of 4-BrC6H4Rh(ttp) with 4-BromotoIuene 
Entry R Solvent T i i ^ Yield (%) Yield (%) 
2m 2b 
1 CI 4-bromotoluene 6 h Trace Trace 
2 4-BrC6H4CH2 4-bromotoluene 3 d 0 50 
3 4-BrC6H4CH2 benzene 3 d No reaction 
Scheme 9. Proposed Pathway for the Formation of Rh(ttp)(4-tolyl) (2b) 
nr" B . - 0 - rS 
Rh(ttp)CI + Br—(/ y - V J V 
Rh(ttp) Rh(ttp) 1 2m 2b 
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2.21 Base-Enhanced Aromatic CXA'*^ '^ ® 
Carbon fluorine bond activation is rare and is reasoned to its strong bond 
strength (CeHs-F = 126.6 kcal/mol).^'^^ One of the landmark of catalytic CFA by 
Rh(I) complex, was reported by Milstein (eq. 2.22)/® 
r F 丄 w 95-100 °C, 36 h 、 r p w Oere + n? • 19 
0.023 mol%[Rh] ^ 6 % 
[Rh]= (PMe3)4RhH 0.023 mol% EtgN� 。�
0.23 mol% K2CO3 
With direct aromatic CXA observed in Section 2.19 and 2.20, CXA in various 
halobenzenes were investigated to examine the selectivity of aromatic CHA and 
CXA. 
Selective aromatic CHA and aromatic CXA by Rh(ttp)Cl were observed with 
fluorobenzene and bromobenzene respectively without any base. However, selective 
CXA was achieved with both rate and yield enhancements in the presence of 10 
equivalents of NaOH (Table 19). 
Rh(ttp)CI + CeHgX ‘ 4.xC6H4Rh(ttp) + Rh(ttp)Ph + Rh(ttp)X (2.23) 
1 6a 5 1c 
Table 19. Base-Enhanced CXA Reactions of Fluorobenzene and Brombenzene 
Entry X B ^ Time Yield (%) Yield (%) Yield (%) T ^ 
(10 equiv. NaOH) (6a) (5) (Ic) Yield (%) 
1 F ^ d 18 18 
2 F Yes 12 h 48 48 
3 Br No 3 d 20 48 68 
4 Br Yes 12 h 86 86 
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Furthermore selective CXA was observed with 3-bromotoluene in the 
presence of NaOH (eq. 2.24). 
Rh(ttp)CI + 3-BrC6H,CH3 10 equiv. of N a O H ^ Rh(ttp)(3-tolyl) (2.24) 
120 C, 1 d, Ng, Dark 
1 2c 
7 0 % 
Although CXA has been observed in studies for many years, CFA is 
comparably rare，。"。The mechanism is yet to be investigated. 
2.22 X-Ray Data 
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Figure 3.1-3.2. The conformations of porphyrins in 6a and 5, showing the 
displacement of the core atoms and of Rh from the 24-atom least 
squares plane of porphyrin core (in pm; negative values correspond 
to displacement towards the benzyl or phenyl ligands). Absolute 
values of the angles between pyrrole rings and least-squares plane 
and angles between tolyl substituents and the least-squares plane are 
shown in bold. 
The red blocks of crystals of 4-FC6H4Rh(ttp) (6a) and C6H4Rh(ttp) (5) were 
prepared by slow diffusion of methanol into CH2CI2 solution (Fig. 3). 
Table 20. Selected Bond Distances (A) and Angles (deg) for Rh(ttp)R 
Entry Rhodium Porphyrin Rh-Ca Dihedral angle Max. deviations Rh-
Complexes (人） between Phenyl ring from 24-least sq Naverage 
and the mean plane plane (A) 
(deg) (A) 
1 4-CH3C6H4Rh(ttp) 2.003(6) 85.84(0.15) 0.488(6) 2.019 
(2b) 
2 CeHsRhCttp) 2.033(4) 84.84(0.18) 0.544(4) 2.012 
(5) 
3 4-FC6H4Rh(ttp) 1.979(7) 88.29(0.12) 0.474(7) 2.044 
(6a) 
4 C6H5Rh(tpp)52 1.984(6) 88.5 0.38 2.024 
5 3-CNC6H4Rh(oep)49a 2.001 88.7 0.18 2.005 
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There are no significant electronic effect observed towards the difference in 
nonplanarity of the porphyrin macrocycles and the Rh-Ca bond length among 2b 
(2.003 A), 5 (2.033 A), and 6a (1.979 A) (Table 20，entries 1-3). The three Rh(ttp) 
phenyls (2b, 5，and 6a) showed saddle distortion with p-carbons of pyrrole 
alternatively displaced above and below the mean plane of the core (max. deviation = 
0.474- 0.544 A) and significantly larger than those observed in rhodium porphyrin 
benzyls 4-tBuC6H4CH2Rh(ttp) (2e) (0.162 A), 3，5-(CH3)2C6H4CH2Rh(ttp) (2g) (0.228 
A), (4-FC6H4CH2Rh(ttp) (2h) (0.132 A), (Table 4，entries 2-4)，C6H5CH2Rh(ttp) (2a) 
(0.107 A)5i and other rhodium porphyrin phenyls, CeHsR^tpp) (0.38 A) (Table 20, 
entry 4) and 3-CNC6H4Rh(oep) (0.18 A) (Table 20，entry 5). The dihedral angle 
between the phenyl substituent and mean plane of the porphyrin ring of 2b (85.84。)，5 
(84.84。)，and 6a (88.29。）are similar to 3-CNC6H4Rh(oep) (88.7。）and CgHsRhCtpp) 
(88.5�). 
2.23 Base-Enhanced Benzylic Carbon Carbon Bond Activation (CCA) Reactions 
Base-enhanced benzylic carbon carbon bond activation (CCA) was also a 
serendipitous discovery during the benzylic CHA investigation of 1,3,5-
triisopropylbenzene. Rh(ttp)Cl reacted with 1,3,5-triisopropylbenzene at 120 for 3 
d to give trace amount of Rh(ttp)Me (CCA product) and unknowns, while Rh(ttp)Me 
was observed in 97% yield in the presence of 10 equiv. of NaOH (Table 21). 
Therefore, NaOH promoted CCA of the benzylic methyl bond was discovered. 
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Rh(ttp)CI + r ^ ^ 120 °C, Ng, Dark- Rh(ttp)Me (2.25) 
1 I I 化 
Table 21. Base-Enhanced Benzylic CCA Reactions 
Entry B ^ T i i ^ Yield (%) 
lb 
1 m 3d Trace 
2 lOequiv. NaOH 4 h 97 
2.24 Summary 
Base-promoted benzylic CHA, aromatic CHA, aromatic CXA and benzylic 
CCA were observed, while further investigation is needed to clarify the underlying 
mechanism. 
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Chapter 3 Experimental Section 
3.1 General Procedures 
All materials were obtained from commercial suppliers and used without 
further purification unless otherwise specified. Benzene and toluene were distilled 
from sodium under N2, 4-tertbutyltoluene, xylene, and mesitylene were distilled from 
calcium hydride under N2, and benzonitrile was distilled from P2O5 under N2. 
Thin layer chromatography was performed on Merck percoated silica gel 60 
F254 plates. Column chromatography was performed on silica gel (70-230 mesh). 
3.2 Experimental Instrumentation 
'H NMR and '^C NMR spectra were recorded on a BrUker DPX-300 at 300 
MHz and 75 MHz, respectively. Chemical shifts were referenced with the residual 
solvent protons in CeDe (5 = 7.16 ppm), CDCI3 (5 = 7.26 ppm) or with 
tetramethylsilane (5 = 0.00 ppm) in 'H NMR spectra and CDCI3 (5 = 77.36 ppm) in 
13c NMR spectra as internal standard. Chemical shifts (5) were reported as part per 
million (ppm) in (5) scale downfield from TMS. Coupling constants (J) were reported 
in Hertz (Hz). 
High resolution mass spectra (HUMS) were recorded on a ThermoFinnigan 
MAT 95 XL mass spectrometer. Fast atom bombardment spectra were performed 
with 3-nitrobenzyl alcohol (NBA) as the matrix. 
All samples for combustion analyses were recrystallized from CF^CVMeOH 
and vacuum dried at room temperature overnight before submission. 
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3.3 Independent Syntheses of Starting Materials 
Preparation of Chloro[5,10,15,20-tetratolylporphyrinato]rhodiuiii(III), 
[ R h ( t t p ) C l ] ⑴严 
RhCl3xH20 (206.0 mg, 0.78 mmol) was added to mixture of 5,10,15,20-
tetratolylporphyrin (356.4 mg, 0.53 mmol) in benzonitrile (30 mL). The mixture was 
refluxed for 4 h. After removal of solvent under vacuum and the red crude mixture 
was purified by column chromatography using silica gel (70-230 mesh) eluting with 
CH2CI2. A major red band was collected. A Red solid was collected after 
recrystallized from CHsCb/MeOH and further dried under vacuum at 70 °C for 2 h. 
Rh(ttp)Cl (1) was obtained as a red solid (310.0 mg, 0.38 mmol, 72 %). R / = 0.31. ^H 
N M R (CDCI3，300 M H z ) 5 2.71 (s, 12 H), 7.55 (d’ 8 H， J = 7.8 Hz) , 8 .08 (d，4 H，6.6 
Hz), 8.13 (d, 4 H, 7.2 Hz), 8.94 (s，8 H). 
Preparation of Chloro[2,3,7,8,12,13,17,18-0ctachloro-5,10,15,20-tetrakis(p-tert-
butyIphenyl)porphyrinato]rhodium(III), [Rh(bocp)Cl] (3)7'' 
Rh(bocp)Cl (3) was synthesized from RhCbxHaO (150.0 mg, 0.56 mmol) and 
Pbbocp (500.0 mg, 0.45 mmol) by the same procedure as described for 1. The crude 
product was purified with column chromatography using silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (2:3). A reddish brown solid (280.0 mg, 0.22 
mmol, 50 %) was obtained after recrystallization with CHaCb/MeOH and was further 
vacuum dried at 7 0 � C for 2 h. R /= 0.60 (hexane/ CH2CI2 = 2:3). NMR (CDCI3, 
300 M H z ) 5 1.57 (s, 36 H)，7.72 (d，8 H，J= 7.8 Hz) , 7 .94 (br d, 8 H, J = 16.5 Hz) . 
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Preparation of Chloro[5,10,15,20-Tetrakis(3,5-di(tert-butyl)phenyl) 
porphyrinato rhodium (III), [ R h ( t d b p p ) C l ] � . ? “ 
Rh(tdbpp)Cl (4) was synthesized from RhCbxHaO (206.0 mg，0.78 mmol) and 
H2(tdbpp) (574.3 mg, 0.54 mmol) by the same procedure as described for 1. The 
crude product was purified by column chromatography using silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (2:1). A reddish purple solid (282.0 mg, 0.24 
mmol, 44 %) was obtained after recrystallization with CHaCb/MeOH and was further 
vacuum dried at 7 0 � C for 2 h. R广 0.33 (hexane/ CH2CI2 = 2:1). NMR (CDCI3， 
300 MHz) 5 1.53 (s, 72 H)’ 7.79 (s, 4 H), 8.08 (s, 4 H), 8.17 (s，4 H), 9.02 (s，8 H). 
Preparation of Porphyrinato Rhodium (III) Alkyls [Rh(por)R]: 
General procedure for the syntheses of [Rh(por)R] were illustrated with the synthesis 
of (5,10,15,20-tetratolylphenylporphyrinato)methylrhodium(III), [Rh(ttp)Me] as a 
typical example: 
Preparation of (5,10,15,20-tetratolylporphyrinato)methyIrhodium(III), 
[Rh(ttp)Me] (Ib).si 
Rh(ttp)Cl (100.0 mg, 0.12 mmol) was suspended in EtOH (40 mL) and NaBH4 (16.6 
mg, 0.44 mol) in aq. NaOH (0.1 M, 2 mL) were purged with N2 for 15 min separately. 
NaBH4 was added to the solution of Rh(ttp)Cl via a cannular. The solution mixture 
was heated at 50 for 1 h under N2, giving a clear black solution. It was cooled to 0 
under N2 for 15 min, followed by addition of CH3I (0.1 mL, 0.31 mmol) via a 
syringe. An orange red suspension formed immediately. The crude product was 
extracted with CH2CI2/H2O and dried over MgS04. The crude product was purified by 
column chromatography using silica gel eluting with a solvent mixture of hexane: 
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CH2CI2 (3:1). An Orange red solid (88.3 mg, 0.11 mmol, 90 %) was obtained after 
recrystallization with CHsCb/MeOH and further vacuum dried at 70 for 2 h. R/ = 
0.70 (hexane/CHzCb = 1:1). 'H NMR (CDCI3, 300 MHz) 5 -5.82 (d, 3 H ’ � / = 3.0 Hz), 
2.70 (s, 12 H), 7.53 (d，8 H，J= 8.1 Hz), 8.01 (dd, 4 H，J= 2.1, 8.4 Hz), 8.07 (dd，4 H, 
•7=2.1 ,7 .4 Hz), 8.73 (s, 8 H). 
P repa ra t ion of (5,10,15,20-tetratolylporphyrinato)(4-bromobenzyI)rhodium(III) , 
[4-BrCH2C6H4Rh(ttp)] (2m). 
4-BrC6H4CH2Rh(ttp) (2m) was synthesized from Rh(ttp)Cl (100.0 mg, 0.12 mmol) 
and 4-bromobenzylbromide (0.1 mL, 1.2 mol) by the same procedure as described for 
l b . The red crude mixture was obtained after purified by column chromatography 
using silica gel eluting with a solvent mixture of hexane: CH2CI2 (2:1). A red solid 
(79.0mg，0.084 mmol, 68 %) was obtained after recrystallization with CHsCb/MeOH 
and further vacuum dried at r.t. overnight. R / = 0.45 (hexane/ CH2CI2 = 2:1). ^H NMR 
(CDCI3, 300 M H z ) 5 -3 .86 (d，2 H, J = 3.6 Hz) , 2.71 (s, 12 H), 2 .77 (d, 2 H ， 8 . 4 
Hz), 5.95 (d，2 H,J= 8.1 Hz), 7.56 (t, 8 H, 7.8 Hz), 7.96 (dd, 4 U, J = 1.8, 7.2 
Hz), 8.06 (d, 4 H，J= 8.4 Hz), 8.70 (s, 8 H). '^C NMR (CeDe，75 MHz) 5 10.56 C^Rh-c 
= 2 7 . 2 Hz), 21.89，117.35, 122.88, 126.44’ 127.79，129.18, 131.92，134.19’ 134.26, 
137.55, 139.55, 143.45. Calcd for (C55H42N4BrRh)+: m/z 940.1642. Found: m/z 
940.1628. Anal Calcd. for C55H42N4BrRh: C, 70.14; H, 4.50; N, 5.59. Found C，70.26; 
H，4.69;N, 5.92. 
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Preparation of (5,10,15,20-tetratolylporphyrinato)hydridorhodium(III), 
[Rh(ttp)H] (la).si’74 
Rh(ttp)Cl (100.0 mg, 0.12 mmol) in EtOH (40 mL) and NaBH4 (16.6 mg, 0.44 mol) 
in aq. NaOH (0.1 M, 2 mL) were purged with N2 for 15 min separately. Then the 
NaBH4 solution was then added to the solution of Rh(ttp)Cl via a cannular. The 
solution mixture was heated at 50 °C for 1 h under N2 and gave a brick red 
suspension. It was cooled to 0 "C under N2 for 15 min, followed by addition of HCl 
(0.1 M, 30 mL) via a cannular and formed a bright red suspension. The solution was 
removed via a cannular wrapped with filter paper and washed twice with H2O via a 
cannular. After vacuum-dried, red solid (57.0 mg, 0.71 mmol, 58 %) was obtained. 
NMR (CfiDe, 300 MHz) 5 -40.19 (d，1 H, 7 = 4 3 . 5 Hz), 2.42 (s, 12 H), 7.24 (d, 4 H, J 
= 6 . 9 Hz), 7.37 (d, 4 H,J=12 Hz), 7.96 (d，4 H, J = 6 . 9 Hz), 8.24 (d，4 H，J= 8.1 
Hz), 9.03 (s, 8 H). 
Preparation of (5,10,15,20-tetratolylporphyrinato)(3-tolyl)rhodium(III), 
[Rh(ttp)(3-tolyl)] (2c). 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 3-bromotoluene 
(1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
under N2 for 1 d with the reaction covered by aluminum foil. The solvent was then 
removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with hexane: CH2CI2 (1:1)，followed by 
recrystallization with CHsCb/MeOH and further vacuum dried at r.t. overnight to give 
Rh(ttp)(3-tolyl) (2c) (22.4 mg, 0.026 mmol, 70 %). R , = 0.55 (hexane/ CH2CI2 = 1:1). 
N M R (CDCI3, 3 0 0 M H z ) 5 0 .01 (s，1 H ) , 0 .13 (d，1 H , J= 8 .0 H z ) , 2 . 6 9 (s, 12 H ) , 
4.64 (t, 1 H ， 7 . 5 Hz), 5.04 (d, 1 H, J = 6.8 Hz), 7.53 (t, 8 H, J = 5.9 Hz), 8.02 (dd， 
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4 H, J =12, 8.6 Hz), 8.07 (dd，4 H，J= 2.4，7.9 Hz), 8.75 (s, 8 H). '^C N M R (CDCI3, 
75 MHz) 5 20.36, 21.88，121.60, 123.19，123.55, 125.93, 127.75, 129.77’ 131.92, 
132.98, 134.12, 134.51, 137.58，139.51, 143.41. HRMS (FABMS): Calcd for 
(C55H43N4llh)+: m/z 862.2537. Found: m/z 862.2508. 
3.4 CHA Reactions of Toluenes 
Reactions of Rh(por)Cl with Various Toluenes 
Reaction of Rh(ttp)Cl (1) toluene with was illustrated as a typical example. 
Reactions ofRh(ttp)Cl with Toluene 
(5,10,15,20-tetratolylporphyrinato) benzyl rhodium (III), [Rh(ttp)Bn] (2a), 
(5,10,15,20-tetratolylporphyrinato)(4-methylphenyl) rhodium (III), 
[Rh(ttp)(4-tolyI)] (2b) and (5,10,15,20-tetratolylporphyrinato) (3-methylphenyI) 
rhodium (III), [Rh(ttp)(3-tolyl)] (2c). 
General procedure 
Method 1: Rh(ttp)Cl (30.0 mg，0.037 mmol) and toluene (1.5 mL) were degassed for 
three freeze-thaw-pump cycles and heated at 120 under N2 for 3 d with the reaction 
covered by aluminum foil. The solvent was then removed in vacuum and the red 
crude mixture was isolated by column chromatography on silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (1:1). Three CHA products with the same R , = 
0.55 (hexane/ CH2CI2 = 1:1) were collected in one portion and the ratio was 
determined by 'H NMR analysis. Rh(ttp)Bn (2a) (8.3 mg, 0.0097 mmol, 26 %). 'H 
N M R (CDCI3, 300 M H z ) 5 -3 .79 (d，2H, J = 3.6 Hz), 2 .70 (s，12 H) , 2.95 (d, 2 H，J = 
7.2 Hz), 5.87 (t，2 H， J= 7.5 Hz), 6.40 (t，1 H, 6.9 Hz) , 7.54 (t, 8 H, J= 5.7 Hz), 
8.00 (dd, 4 H, J = 2.1, 7.1 Hz) , 8.06 (dd, 4 H, J = 2.1, 7.1 Hz), 8.67 (s, 8 H). 
Rh(ttp)(4-tolyl) (2b) (8.3 mg, 0.0097 mmol, 26 %). The authentic sample of 2b was 
58 
prepared by the reaction of Rh(ttp)Cl with 4-bromotoluene in 23 % yield in the 
C h a p t e r 3.6. ' H N M R (CDCI3, 300 M H z ) 5 0 .17 (d，2 H, J = 6 .9 Hz ) , 1.08 (s, 3 H) , 
2 .69 (s, 12 H) , 4 .61 (d, 2 H，J= 8.4 Hz) , 7 .52 (t, 8 H, J= 6 .0 H z ) , 8.01 (d, 4 H , J = 8.7 
Hz), 8.05 (d, 4 H, J = 8.6 Hz), 8.75 (s，8 H). HRMS (FABMS): Calcd. for 
(C55H43N4Rh)+: m/z 862.2537. Found: m/z 862.2578. Anal Calcd. for C55H43N4Rh: C, 
76.56; H, 5.02; N，6.49. Found C, 76.09; H, 5.06; N, 6.45. Rh(ttp)(3-tolyl) (2c) (4.2 
mg, 0.0048 mmol, 13 %). The authentic sample of 2c was independently synthesized 
from the reaction of Rh(ttp)Cl with 4-bromotoluene and NaOH in 70 % yield as 
mentioned in the Chapter 3.3. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 
toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
under N2 for 30 min with the reaction covered by aluminum foil. The solvent was 
then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give Rh(ttp)Bn (2a) (30.2 mg, 0.035 mmol, 94 %). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 
toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
under N2 for 45 min with the reaction covered by aluminum foil. The solvent was 
then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give Rh(ttp)Bn (2a) (25.3 mg, 0.035 mmol, 79 %). 
Method 4: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol), toluene 
(40 ^L, 3.4 mg, 0.37 mmol) and benzene (1.5 mL) were degassed for three freeze-
thaw-pump cycles and heated at 120 under N2 for 90 min with the reaction covered 
by aluminum foil. The solvent was then removed in vacuum and the red crude 
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mixture was isolated by column chromatography on silica gel eluting with a solvent 
mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a) (24.0 mg, 0.028 mmol, 75 %). 
Method 5: Rh(ttp)Me (30.0 mg, 0.038 mmol) and toluene (1.5 mL) were degassed for 
three freeze-thaw-pump cycles and heated at 200 under N2 for 2 h with the reaction 
covered by aluminum foil. The solvent was then removed in vacuum and the red 
crude mixture was isolated by column chromatography on silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a) (30.2 mg, 0.035 
mmol, 94 %). 
Reactions of Rh(ttp)Cl with Toluene and various Bases and Ligands. 
(1) Addition of 1 equiv. ofPPha 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), PPh; (9.7 mg, 0.037 mmol) and toluene (1.5 mL) 
were degassed for three freeze-thaw-pump cycles and heated at 120 under N2 for 3 
d with the reaction covered by aluminum foil. No CHA product was observed. 
(2) Addition of 30 equiv. of Pyridine 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), pyridine (90 |iL, 88.2 mg, 1.12 mmol) and toluene 
(1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 °C 
under N2 for 3 d with the reaction covered by aluminum foil. No CHA product was 
observed. 
(3) Addition of 30 equiv. of 2,4,6-Collidine 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), 2,4,6-collidine (148 ^iL, 135.7 mg, 1.12 mmol) and 
toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
under N2 for 3 d with the reaction covered by aluminum foil. The solvent was then 
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removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give Rh(ttp)Bn (2a) (5.1 mg，0.0059 mmol, 16 %). 
(4) Addition of 30 equiv. of 2,6-Ditert-butylpyridine 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), 2,6-ditert-butylpyridine (251 |iL, 214.3 mg, 1.12 
mmol) and toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and 
heated at 120 under N2 for 3 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give Rh(ttp)Bn (2a) (14.8 mg, 0.017 mmol, 46 %) and Rh(ttp)(4-
tolyl) (2b) (5.8 mg, 0.0067 mmol, 18 %). 
(5) Addition of 10 equiv. of KOH 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), KOH (20.9 mg, 0.37 mmol) and toluene (1.5 mL) 
were degassed for three freeze-thaw-pump cycles and heated at 120 under N2 for 1 
h with the reaction covered by aluminum foil. The solvent was then removed in 
vacuum and the red crude mixture was isolated by column chromatography on silica 
gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a) 
(30.1 mg, 0.035 mmol, 94 %). 
(6) Addition of 10 equiv. of K3PO4 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), K3PO4 (85.6 mg, 0.37 mmol) and toluene (1.5 mL) 
were degassed for three freeze-thaw-pump cycles and heated at 120 under N2 for 1 
h with the reaction covered by aluminum foil. The solvent was then removed in 
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vacuum and the red crude mixture was isolated by column chromatography on silica 
gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a) 
(24.7 mg, 0.029 mmol, 77 %). 
(7) Addition of 10 equiv. of KHCO3 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), KHCO3 (37.2 mg, 0.37 mmol) and toluene (1.5 
mL) were degassed for three freeze-thaw-pump cycles and heated at 120 under N2 
for 1 h with the reaction covered by aluminum foil. The solvent was then removed in 
vacuum and the red crude mixture was isolated by column chromatography on silica 
gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a) 
(30.1 mg, 0.035 mmol, 77%). 
Reactions of Rh(ttp)CI with Toluene and Various Equivalents of K2CO3. 
General Procedure 
Rh(ttp)Cl (30.0 mg, 0.037 mmol) toluene (1.5 mL) and various equivalents of K2CO3 
were degassed for three freeze-thaw-pump cycles and heated at 120 under N2 with 
the reaction covered by aluminum foil. The solvent was then removed in vacuum and 
the red crude mixture was isolated by column chromatography on silica gel eluting 
with a solvent mixture of hexane: CH2CI2 (1:1) to give Rh(ttp)Bn (2a). 
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Table 1. Effects of Various Equivalents of K2CO3 
Entry No. of equiv. Time (min) Yield (%) 
ofKjCOs 2a 
1 i m ^ 
2 5 240 77 
3 10 30 97 
4 20 30 97 
5 100 30 96 
Reactions of Rh(ttp)Cl with various Equivalents of Toluene and 10 Equivalents 
o f K i C O j . 
General Procedure 
Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and various 
equivalents of toluene were degassed for three freeze-thaw-pump cycles and heated at 
120 under N2 with the reaction covered by aluminum foil. The solvent was then 
removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give Rh(ttp)Bn (2a). 
Table 2. Optimization of No. of Equivalents of Toluene 
Entry No. of equiv. o f T i m e ( h ) Y i e l d (%) 
Toluene 2a 
1 \ 2 16 45 
2 5 2 56 
3 10 1.5 75 
4 20 1.5 75 
63 
Reactions of Rh(bocp)Cl with Toluene 
f2,3,7,8,12,13,17,18-0ctachloro-5,10,15,20-tetrakis(p-tert-butylphenyl) 
porphyrinato]benzylrhodium(III), [Rh(bocp)Bn] and [2,3,7,8,12,13,17,18-
Octachloro-5,10,15,20-tetrakis(p-tert-butylphenyl)porphyrinato](4-
tolyl)rhodium(III)，[Rh(bocp)(4-tolyl)] (3b) 
Method 1: Rh(bocp)Cl (30.0 mg, 0.024 mmol) and toluene (1.5 mL) were degassed 
for three freeze-thaw-pump cycles and heated at 120 under N2 for 3 d with the 
reaction covered by aluminum foil. The solvent was then removed in vacuum and the 
red crude mixture was isolated by column chromatography on silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (4:1). Two red solids were isolated. Rh(bocp)(Bn) 
(3a) (trace). R / = 0.71 (hexane/ CH2CI2 = 1:1) 'H N M R (CDCI3, 300 MHz) 5 -2.82 (d, 
2H，J=3.0 Hz), 1.26 (s, 3 H) 1.56 (s, 36 H), 3.59 (d，2H, J = 7.5 Hz), 6.17 (t, 2 H, J 
= 7 . 8 Hz), 6.69 (t, 1 U,J= 6.9 Hz), 7.71 (d, 8 U,J= 8.4 Hz), 7.79 (dd, 4 H, J= 2.1， 
7.7 Hz), 7.95 (dd, 4 H, J= 2.4’ 7.5 Hz). Rh(bocp)(4-tolyl) (3b) (14.0 mg, 0.011 mmol, 
45 %). R/ = 0.67 (hexane/ CH2CI2 = 1:1)，NMR (CDCI3, 300 MHz) 5 1.05 (d’ 2 H, 
J = 1.2 Hz), 1.26 (s，3 H) 1.55 (s, 36 H), 4.87 (d, 2 H, J = 8.4 Hz), 7.69 (d, 8 H, J = 
8.7 Hz), 7.86 (d，4 H，•/= 7.2 Hz), 7.94 ( d，4 U , J = 7.2 Hz). HRMS (FABMS): Calcd. 
for (C67H59N4Cl8Rh)+ : m/z. 1306.1238. Found: m/z: 1306.1288. Anal Calcd. for 
C67H59N4Cl8Rh: C, 61.58; H, 4.55; N，4.29. Found C, 61.59; H, 4.49; N，4.22. 
Method 3: Rh(bocp)Cl (30.0 mg, 0.023 mmol), NaOH (9.2 mg, 0.23 mmol) and 
toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
under N2 for 15 min to give Rh(bocp)Bn (3a) (27.0 mg, 0.022 mmol, 86 %). 
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Reactions of Rh(tdbpp)Cl (4) with Toluene 
[5,10,15,20-Tetrakis(3,5-di(tert-butyI)phenyl)porphyrinato](4-tolyl)rhodium(III), 
[Rh(tdbpp)Bn] (4a). 
Method 1: Rli(tdbpp)Cl (30.0 mg, 0.025 mmol) and toluene (1.5 mL) were degassed 
for three freeze-thaw-pump cycles and heated at 120 under N2 for 3 d with the 
reaction covered by aluminum foil. The solvent was then removed in vacuum and the 
red crude mixture was isolated by column chromatography on silica gel eluting with a 
solvent mixture of hexane: CH2CI2 (1:1) to give Rh(tdbpp)Bn (4a) (2.8 mg, 0.0023 
mmol, 9.0 %) as a red solid. R / = 0.65 (hexane: CH2CI2 = 3:1). N M R (CDCI3, 300 
MHz) 6 二 -3.66 (d，2 H, J= 3.6 Hz), 1.55 (s, 72 H)’ 3.08 (d, 2 H , J = 7.5 Hz), 5.92 (t, 
2 H , 7.5 Hz), 6.42 (t, 1 H，•/ = 7.2 Hz), 7.76 (t, 4 H , J = 1.8 Hz), 7.99 (d, 4 H，J = 
1.5 Hz), 8.05 (t, 4 H, J = 1.5 Hz), 8.71 (s, 8 H). HRMS (FABMS): Calcd. for 
(C83H99N4Cl8Rh)+ : m/z. 1310.7545. Found: m/z: 1310.7552. Anal Calcd. for 
C83H99N4Cl8Rh: C，79.39; H, 7.95; N, 4.46. Found C，79.01; H, 8.22; N，4.49. 
Method 3: Rh(tdbpp)Cl (30.0 mg, 0.025 mmol), NaOH (10.0 mg, 0.25 mmol) and 
toluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated at 120 
°C under N： for 2 h to give Rh(tdbpp)Bn (4a) (28.0 mg, 0.022 mmol, 89 %). 
Reactions of Rh(ttp)Cl with 4-Methoxytoluene 
(5,10,15,20-tetratolyIporphyrinato)(4-methoxybenzyl)rhodium(III), 
[4-CH30C6H4CH2Rh(ttp)] (2d)，and (5,10,15,20-tetratolylporphyrinato)(4-
tolylmethoxy)rhodium(III), [4-CH30C6H4CH2Rh(ttp)] (2n). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-methoxytoluene (1.5 
mL) at 120 °C under N2 for 2 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
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column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give 4-CH30C6H4CH2Rh(ttp) (2d) (25.9 mg, 0.029 mmol, 78 %) as a 
red solid. R , = 0.35 (hexane/ CH2CI2 = 1:1). NMR (CDCI3, 300 MHz) 5 -3.77 (d, 2 
H, J = 3.6 Hz), 2.70 (s，12 H), 2.92 (d’ 2 H, J= 8.4 Hz), 3.43 (s, 3 H), 5.42 (d, 2 H, J 
= 8 . 4 Hz), 7.54 (d, 8 H , J = 7.8 Hz), 7.98 (dd, 4 H，J = 2.1，7.4 Hz), 8.07 (dd, 4 H , J = 
2.4, 11 Hz), 8.67 (s, 8 H). Calcd for (C56H45N40Rh)+: m/z 892.2643. Found: m/z 
892.2589. Anal Calcd. for C56H45N40Rh: C, 75.33; H, 5.10; N，6.27. Found C，74.87; 
H, 5.27; N, 5.99. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
methoxytoliiene (1.5 mL) were heated at 120 °C with for 30 min to give 4-
CH30C6H4CH2Rh(ttp) (2d) (30.5 mg, 0.034 mmol, 92 %). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and (1.5 
mL) were heated at 120 °C under N2 for 30 min to give 4-CH30C6H4CH2Rh(ttp) (2d) 
(31.4 mg, 0.036 mmol, 98 %). 
Method 4: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol), 4-
methoxytoluene (47 [xL, 45.4 mg, 0.37 mmol) and benzene (1.5 mL) were heated at 
120 under N2 for 90 min to give 4-CH30C6H4CH2Rh(ttp) (2d) (25.2 mg, 0.028 
mmol, 76 %). 
Method 5: Rh(ttp)Me (30.0 mg, 0.038 mmol) and 4-methoxytoluene (1.5 mL) were 
heated at 200 °C under N2 for 2 h. Two red solids were collected. 4-
CH30C6H4CH2Rh(ttp) (2d) (23.6 mg, 0.026 mmol, 71 %). and 4-
CH3C6H40CH2Rh(ttp) (2n) (trace). Rf = 0.60 (hexane/ CH2CI2 = 1:1). N M R 
(CDCI3，300 M H z ) 5 -1 .80 (d, 2 H, J = 3.3 Hz) , 2 .04 (s, 3 H)，2.60 (s, 12 H) , 6 .18 (d, 
2 H , J = 8 . 1 Hz), 7.53 (t, 8 H , J = 6.3 Hz), 5.42 (d, 2 H , J = 8.4 Hz), 7.54 (d，8 H，J = 
7.8 Hz), 7.95 (dd, 4 H , J = 1.8, 7.5 Hz), 8.02 (dd, 4 H , 1.8, 7.5 Hz), 8.68 (s, 8 H). 
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Calcd. for (C56H45N40Rh)+: m/z 892.2643. Found: m/z 892.2649. Anal Calcd. for 
C56H45N40Rh: C, 75.33; H, 5.10; N, 6.27. Found C, 75.55; H, 5.33; N, 5.99. 
Reactions of Rh(ttp)Cl with 4-tertButyitoluene 
(5,10,15,20-tetratolylporphyrinato)(4-tert-butylbenzyl)rhodium(III), 
[4-'BuC6H4CH2Rh(ttp)] (2e). 
Method 1: Rh(ltp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-tert-butyltoluene (1.5 
mL) at 120 under N2 for 2 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 ( l : l ) t o give 4-tBuC6H4CH2Rh(ttp) (2e) (28.7 mg, 0.031 mmol, 84 %) as a red 
solid. Rf = 0.75 (hexane/ CH2CI2 = 1:1). 'H NMR (CDCI3，300 MHz) 5 -3.79 (d, 2 H, 
J = 3.6 Hz), 0.96 (s, 9 H), 2.70 (s，12 H), 2.93 (d，2 H, J = 8.1 Hz), 5.89 (d, 2 H, J = 
8.4 Hz), 7.54 (t, 8 H， J = 6.0 Hz), 8.04 (t, 8 H, J = 7.9 Hz), 8.65 (s, 8 H). '^C N M R 
(CDCI3，75 MHz) 6 13.00 (d，V仙_c = 26.6 Hz), 21.91, 31.01, 34.48，122.75, 113.30， 
124.47, 127.60，131.68，134.13, 134.23, 137.41，139.76’ 143.49, 146.20. Calcd for 
(C59H5iN4Rh)+: m/z 918.3163. Found: m/z 918.3139. Anal Calcd. for C55H43N4Rh: C, 
77.11; H, 5.59; N，6.09. Found C, 76.66; H，5.65; N，5.91. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
tert-butyltoluene (1.5 mL) were heated at 120 for 45 min to give 4-
'BuC6H4CH2Rh(ttp) (2e) (33.4 mg, 0.036 mmol, 98 %). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 4-tert-
butyltoluene (1.5 mL) were heated at 120 under N2 for 45 min to give 4-
'BuC6H4CH2Rh(ttp) (2e) (31.4 mg, 0.036 mmol, 98 %). 
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Method 5: Rh(ttp)Me (30.0 mg, 0.038 mmol) and 4-tert-butyltoluene (1.5 mL) were 
heated at 2 0 0 � C under N2 for 1 d to give 4-'BuC6H4CH2Rh(ttp) (2e) (25.2 mg, 0.028 
mmol, 74 %). 
Reactions of Rh(ttp)Cl with p-Xylene 
(5,10,15,20-tetratolylporphyrinato)(4-methyIbenzyl)rhodium(III), 
[4-CH3C6H4CH2Rh(ttp)] ( I f ) . 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and p-
xylene (1.5 mL) were heated at 120 °C for 45 min. The red crude mixture was isolated 
by column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give 4-CH3C6H4CH2Rh(ttp) (2f) (29.3 mg, 0.033 mmol, 90 %) as a 
red solid. R / = 0.65 (hexane: C H z C b : 1:1). NMR (CDCI3, 300 MHz) 5 -3.77 (d， 
2H, J= 3.6 Hz), 1.68 (s，3 H), 2.70 (s, 12 H)’ 2.87 (d，2 H, J = 7.8 Hz), 5.66 (d, 2 H’ J 
= 7 . 8 Hz), 7.54 (dd，8 H, 7 = 2.1, 6.8 Hz), 7.96 (dd, 4 H, J = 2.1，7.1 Hz)’ 8.07 (dd, 4 
H , J = 2.1, 7.7 Hz), 8.67 (s，8 H). Calcd for (C56H45N4Rh)+: m/z 876.2694. Found: m/z 
876.2667. Anal Calcd. for C56H45N4Rh: C, 76.70; H, 5.17; N，6.39. Found C，76.64; 
H, 5 .28;N, 6.06. 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and p-
xylene (1.5 mL) were heated at 120 under N2 for 45 min to give 4-
CH3C6H4CH2Rh(ttp) (21) (26.7 mg, 0.030 mmol, 82 %). 
Method 5: Rh(ttp)Me (30.0 mg, 0.038 mmol) and p-xylene (1.5 mL) were heated at 
2 0 0 � C under N2 for 1 d to give 4-CH3C6H4CH2Rh(ttp) (2f) (27.7 mg, 0.032 mmol, 85 
%). 
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Reactions ofRh(ttp)Cl with Mesitylene 
(5,10,15,20-tetratoiylporphyrinato)(3,5-dimethylbenzyI)rhodium(III), 
[3，5-(CH3)2C6H3CH2Rh(ttp)� (2g). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with mesitylene (1.5 mL) at 
120 °C under N2 for 3 d with the reaction covered by aluminum foil. The solvent was 
then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give 3，5-(CH3)2C6H3CH2Rh(ttp) (2g) (11.6 mg, 0.013 mmol, 35 %) as a red solid. 
Rf = 0.55 (hexane/ CH2CI2 = 1:1). ' H N M R (CDCI3，300 M H z ) 5 -3.81 (d，2 H, J = 
3.9 Hz), 1.56 (s, 6 H), 2.56 (s，2 H)’ 2.70 (s，12 H), 6.08 (s, 1 H), 7.54 (t, 8 H , 6.6 
Hz), 8.00 (dd，4 H, J = 1.8, 7.5 Hz), 8.05 (dd, 4 H，J = 2.1, 8.6 Hz), 8.68 (s, 8 H). 
Calcd for (C57H47N4Rh)+: m/z 890.2850. Found: m/z 890.2824. Anal Calcd. for 
C55H43N4Rh: C，76.84; H, 5.32;N, 6.29. Found C, 76.71; H，5.31;N, 6.17. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 
mesitylene (1.5 mL) were heated at 120 for 45 min to give 3,5-
(CH3)2C6H3CH2Rh(ttp)(2g) (14.9 mg, 0.017 mmol, 45 %). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 
mesitylene (1.5 mL) were heated at 120 °C under N2 for 45 min to give 3,5-
(CH3)2C6H4CH2Rh(ttp) (2g) (18.2 mg, 0.020 mmol, 55 %). 
Method 5: Rh(ttp)Me (30.0 mg, 0.038 mmol) and mesitylene (1.5 mL) were heated at 
200 under N2 for 1 d to give 3’5-(CH3)2C6H4CH2Rh(ttp) (2g) (27.8 mg, 0.031 
mmol, 84 %)• 
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Reactions of Rh(ttp)Cl with 4-Fluorotoluene 
(5,10,15,20-tetratolyIporphyrinato)(4-fluorobenzyI)rhodium(III), 
[4-FC6H4CH2Rh(ttp)] (2h). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-fluorotoluene (1.5 
mL) at 120 under N2 for 3 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give 4-FC6H4CH2Rh(ttp) (2h) (23.6 mg, 0.027 mmol, 72 %) as a red 
solid. Rf = 0.60 (hexane/ CH2CI2 = 1:1). NMR (CDCI3, 300 MHz) 5 -3.83 (d, 2 H, 
J= 3.9 Hz), 2.70 (s, 12 H), 2.89 (dd，2 H, J= 2.7, 5.7 Hz,), 5.55 (t, 2 H, J= 8.7 Hz), 
7.55 (t, 8 H, J= 6.6 Hz), 7.98 (dd, 4 H，J= 2.1，8.0 Hz), 8.06 (d，4 H, J= 1.2, 8.0 Hz), 
8.68 (s, 8 H). 13c NMR (CDCI3, 75 MHz) 5 11.43 (d，%h-c = 27.3 Hz), 21.89，112.96 
(d, 1 J c - f = 2 0 . 9 H z ) , 1 2 2 . 8 3 , 1 2 6 . 0 8 , 126.18, 127.78，131.83’ 134.16, 134.21, 137.52, 
139.61’ 143.45. Calcd for (C55H43N4Rh)+: m/z 880.2443. Found: m/z 880.2426. Anal 
Calcd. for C55H43N4Rh: C, 74.61; H, 5.07; N, 6.39. Found C, 74.99; H, 4.81; N, 6.36. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
fluorotoluene (1.5 mL) were heated at 120 under N2 for 3 h to give 4-
FC6H4CH2Rh(ttp)(2h) (20.9 mg, 0.024 mmol, 64 %). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 4-
fluorotoluene (1.5 mL) were heated at 120 °C under N： for 3 h to give 4-
FC6H4CH2Rh(ttp) (2h) (19.4 mg, 0.022 mmol, 60 %). 
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Reactions of Rh(ttp)Cl with 4-CyanotoIuene 
(5,10,15,20-tetratolylporphyrinato)(4-cyanobenzyl)rhodium(III), 
[4-CNC6H4CH2Rli(ttp)l (2i). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
cyanotoluene (1.5 mL) were heated at 120 for 3 d. No reaction was observed. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
cyanotoluene (1.5 mL) were heated at 120 for 1 h. The red crude mixture was 
isolated by column chromatography on silica gel eluting with a solvent mixture of 
hexane: CH2CI2 (1:1) to give 4-CNC6H4CH2Rh(ttp) (2i) (27.4 mg, 0.031 mmol, 83 %) 
as a red solid. R / = 0 . 3 0 (hexane/ CH2CI2 = 1:1). ^H NMR (CDCI3, 300 MHz) 5 -3.87 
(d，2 H, 3.9 Hz), 2.71 (s，12 H)，2.90 (d, 2 H , J = 8.4 Hz), 6.11 ( d， 2 H , J = 8.1 
Hz), 7.57 (t, 8 H , J = 8.4 Hz), 7.93 (dd，4H, J = 1.5, 8.3 Hz), 8.03 (dd, 4 H，J= 1.2， 
7.7 Hz), 8.90 (s, 8 H). '^C NMR (CDCI3, 75 MHz) 5 9.27 (d, %h-c = 28.0 Hz), 21.89, 
106.25，120.01, 122.98, 124.92, 127.89，129.69，132.04, 134.12，134.29, 137.32, 
139.32, 143.39. Calcd for (C56H42N5Rh)^: m/z 887.2490. Found: m/z 887.2487. 
Reactions of Rh(ttp)Cl with 4-Nitrotoluene 
(5,10,15,20-tetratoIyIporpIiyrinato)(4-nitrobenzyl)rhodium(III), 
[4-N02C6H4CH2Rh(ttp)] (2j). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
nitrotoluene (1.5 mL) were heated at 120 °C for 3 d. Decomposition of Rh(ttp)Cl into 
an unknown black mixture was observed. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
nitrotoluene (1.5 mL) were heated at 120 for 30 min. The red crude mixture was 
isolated by column chromatography on silica gel eluting with a solvent mixture of 
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hexane: CH2CI2 (1:1) to give 4-N02C6H4CH2Rh(ttp) (2j) (33.0 mg, 0.036 mmol, 98 
%) as a red solid. R , = 0.40 (hexane/ CH2CI2 = 1:1). ^H NMR (CDCI3, 300 MHz) 5 -
3.84 (d, 2 H , J = 3.9 Hz), 2.71 (s，12 H), 2.90 (d，2 H，J= 8.7 Hz), 6.69 (d, 2 H, J = 
8.7 Hz), 7.56 (t，8H, J = 7.5 Hz), 7.95 (d，4H, J = 7 . 1 Hz), 8.05 (d, 4 H，J= 7.5 Hz), 
8.71 (s, 8 H). 13c NMR (CDCI3，75 MHz) 5 8.50 (d, %h-c = 28.4 Hz), 21.88，31.28, 
121.32，123.09，124.79, 127.91, 132.11, 134.11, 134.21, 137.76, 139.27’ 143.42, 
150.74. Calcd for ( Cs sHa sNsOsR I i ) — : m/z 907.2388. Found: m/z 907.2430. 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 4-
nitrotoluene (1.5 mL) were heated at 120 °C under N2 for 45 min to give 4-
N02C6H4CH2Rh(ttp) (2j) (25.3 mg, 0.028 mmol, 75 %). 
Method 4: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol), 4-
nitrotoluene (51.1 mg, 0.37 mmol) and benzene (1.5 mL) were heated at 120 under 
N2 for 90 min to give 4-N02C6H4CH2Rh(ttp) (2j) (23.6 mg, 0.026 mmol, 70 %). 
Reactions of Rh(ttp)Cl with 4-Methylbenzaldehyde 
(5,10,15,20-tetratolylporphyrinato)(4-carbonylbenzyl)rhodium(III), 
|4-CHOC6H4CH2Rh(t tp)] ( Z k ) ? 
Method 2: Rli(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol) and 4-
methylbenzaldehyde (1.5 mL) were heated at 120 for 15 min. Two red solids were 
isolated by column chromatography on silica gel eluting with a solvent mixture of 
hexane: CH2CI2 (1:1). 4-CHOC6H4CH2Rh(ttp) (2k) (12.9 mg, 0.014 mmol, 39 %)• R, 
= 0 . 3 0 (hexane/ CH2CI2 = 1:1). NMR (CDCI3, 300 MHz) 5 -3.81 (d, 2 H, J = 3.9 
Hz), 2.70 (s, 12 H)，2.97 (d, 2 H, J= 7.5 Hz), 5.35 (t, 2 H , J = 7.2 Hz), 7.55 (t, 8 H, J 
= 6 . 3 Hz), 7.95 (d, 4 H, J = 7.8 Hz), 8.05 (d，4H, J = 7.2 Hz), 8.70 (s，8 H)，9.43 (s, 1 
H)’ and 4-CH3C6H4CH2Rh(ttp) (2f) (10.1 mg, 0.012 mmol, 31 %) were collected. 
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Method 4: Rh(ttp)Cl (30.0 mg, 0.037 mmol), K2CO3 (51.1 mg, 0.37 mmol), 4-
methylbenzyaldehyde (43 | j L , 44,7 mg, 0.37 mmol) and benzene (1.5 mL) were 
heated at 1 2 0 � C under N2 for 90 min to give 4-CHOC6H4CH2Rh(ttp) (2k) (27.0 mg, 
0.028 mmol, 75 %) and 4-CH3C6H4CH2Rh(ttp) (2f) (only observed in NMR of the 
crude reaction mixture). 
Reaction of Rh(ttp)H ( la) with Toluene. 
Rh(ttp)H (10.0 mg, 0.014 mmol) and toluene (1 mL) were degassed for three freeze-
thaw-pump cycles and heated at 120 under N2 for 1 d with the reaction covered by 
aluminum foil. The solvent was then removed in vacuum and the red crude mixture 
was isolated by column chromatography on silica gel eluting with a solvent mixture 
ofhexane:CH2Cl2 (1:1) to give Rh(ttp)Bn (2a) (6.0 mg, 0.0070 mmol, 50 %). 
3.5 Isotope Effect 
Table 3. Isotope Ratios of Toluene/ToIuene-ds in various Reaction Conditions 
(kH/kD)obs 
丨H N M R M ^ 
Entry Method Benzylic Aromatic 
1 1 4.13 6.63a 
2 2 3.98 4.0 
3 3 4.33 4.3 
4 4 4.17 4.2 
5 5 2.80 2.9 
a. Mixture of Rh(ttp)(3-tolyl) and Rh(ttp)(4-tolyl) 
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The reaction of Rh(ttp)Cl and toluene/toluene-dg (1:1 molar ratio) was illustrated as 
an example for the studies of kinetic isotope effect. 
Reactions of Rh(ttp)Cl with Toluene/Toluene-ds (1:1 molar ratio). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) and a premixed equimolar solvent 
mixture of toluene/ toluene-dg (1.5 mL) were degassed for three freeze-thaw-pump 
cycles in the rota-flo tube. The tube was covered by aluminum foil and heated to 120 
under N2 for 3 d and a red solid was isolated by chromatography on silica gel 
eluting with a solvent mixture of hexane: CH2CI2 (1:1) after removal of toluene in 
vacuum. Three CHA products with the same Rf = 0.55 (hexane/ CH2CI2 = 1:1) were 
collected in one portion. Rh(ttp)Bn (2a), Rh(ttp)(4-tolyl) (2b), Rh(ttp)(3-tolyl) (2c) 
were collected. The isotope effect was calculated as follow: 
Integration of benzylic proton (observed = 1.610) was used to calculate the ratio with 
the integration of pyrrole signal of 2a (5 = 8.67) was taken as 8. Let the integration of 
benzylic deuterium to be y. 
y = Integration of benzylic proton without deuterium incorporation 
- O b s e r v e d integration of benzylic proton with deuterium incorporation 
= 2 - 1 . 6 1 0 
kn/ko = Integration of benzylic proton/ Integration of benzylic deuterium 
= 1 . 6 1 0 / 2 - 1 . 6 1 0 
= 4 . 1 3 
Because of the overlapping of the pyrrole signal of 2b and 2c, their isotope ratio was 
calculated as a whole. 
While taking the integration of pyrrole signal of 2b and 2c as 16，sum of the proton 
integration of 2b and 2c overlapped at 5 = 4.6 was observed to be 2.607. 
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Similar, let the integration of benzylic deuterium to be y. 
y = Integration of proton without deuterium incorporation 
- O b s e r v e d integration of proton with deuterium incorporation 
= 3 - 2 . 6 0 7 
kH/ko = Integration of proton/ Integration of deuterium 
= 2 . 6 0 7 / 3-2.607 
= 6 . 6 3 
Reactions of Rh(ttp)Cl with Toluene/Toluene-ds (1:1 molar ratio) and Bases. 
Method 2: Rh(ttp)Cl (30.0 mg, 0.37 mmol), a premixed equimolar solvent mixture of 
toluene/ toluene-dg (1.5 mL) and K2CO3 (51.1 mg, 0.37 mmol) at 120 under N2 for 
45 min. Rh(ttp)Bn and Rh(ttp)Bn-d7 were isolated in one portion by chromatography 
on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1). 
Integration of benzylic proton = 1.598 
kH/ko = 3.98 
The isotope ratio of Rh(ttp)Bn/ Rh(ttp)Bn-d7 was also calculated from mass 
spectrometry, kn/ko = 4.0 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), a premixed equimolar solvent mixture 
of toluene/ toluene-dg (1.5 mL), and NaOH (14.9 mg, 0.37 mmol) at 1 2 0 � C under N2 
for 45 min in the dark. Rh(ttp)Bn and Rh(ttp)Bn-d7 were isolated in one portion by 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1). 
Integration of benzylic proton = 1.625 
k„/kD = 4.33 
The isotope ratio of Rh(ttp)Bn/ Rh(ttp)Bn-d7 was also calculated from mass 
spectrometry. Rh / I cd = 4.3 
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Method 4: Rh(ttp)Cl (30.0 mg, 0.37 mmol), pre-mixed toluene (20 ^iL, 17.0 mg, 0.19 
mmol)/ toluene-dg (20 ^iL, 18.5 mg, 0.19 mmol) and K2CO3 (51.1 mg, 0.37 mmol) 
were heated at 120 T under N2 for 45 min in the dark. Rh(ttp)Bn and Rh(ttp)Bn-d7 
were isolated in one portion by chromatography on silica gel eluting with a solvent 
mixture of hexane: CH2CI2 (1:1). 
Integration of benzylic proton = 1.598 
kn/kn = 4.17 
The isotope ratio of Rh(ttp)Bn/ Rh(ttp)Bn-d7 was also calculated from mass 
spectrometry. kn/kD = 4.2 
Method 5: Rh(ttp)Me (30.0 mg, 0.38 mmol) and tolueneitoluene-dg (1:1 molar ratio, 
1.5 mL were heated at 200 °C under N2 for 2.5 h in the dark. Rh(ttp)Bn and 
Rh(ttp)Bn-d7 were isolated in one portion by chromatography with a solvent mixture 
of hexane: CHzCbCl：!). 
Integration of benzylic proton = 1.473 
kn/kD = 2.80 
The isotope ratio of Rh(ttp)Bn/ Rh(ttp)Bn-d7 was also calculated from mass 
spectrometry, kn/ko = 2.9 
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3.6 CXA Reactions of Rh(ttp)Cl with Halotoleuenes and Halobenzenes 
Reaction ofRh(ttp)Cl with 4-Chlorotoluene 
(5,10,15,20-tetratolylporphyrinato)(4-chlorobenzyl)rhodiuni(III), 
[4-ClC6H4CH2Rh(ttp)] (21). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-chIorotoluene (1.5 
mL) at 120 under N2 for 3 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1). Two products with the same R/ were collected in one fraction. 
Rh(ttp)(4-tolyl) (2b) (3.5 mg, 0.0041 mmol, 11 %)，and 4-ClC6H4CH2Rh(ttp) (21) 
(13.6 mg, 0.015 mmol, 41 %). R , = 0.60 (hexane/ CH2CI2 = 1:1). ^H NMR (CDCI3, 
300 MHz) 5 -3.84 (d, 2 H’ J = 3.9 Hz), 2.70 (s，12 H)，2.89 (d, 2H,J= 8.4 Hz), 5.58 
(d，2 H,J= 8.4 Hz), 7.55 (t, 8 H，J= 7.2 Hz), 7.96 (dd, 4H,J= 1.5,7.1 Hz), 8.06 (dd, 
4 H，J= 1.5, 7.1 Hz), 8.69 (s, 8 H). '^C NMR (CDCI3, 75 MHz) 5 10.67 (d, %h-c = 
27.4 Hz), 21.89，122.87’ 126.23，126.25, 127.79, 131.90’ 134.22, 137.54，139.56， 
140.12, 143.45. Calcd for (C55H42N4ClRh)+: m/z 896.2148. Found: m/z 896.2138. 
Anal Calcd. for C55H42N4ClRh: C, 73.62; H，4.70; N, 6.24. Found C, 73.21; H, 5.12; 
N，6.22. 
Reaction of Rh(ttp)CI with 4-Bromotoluene 
Bronio-(5,10,15,20-tetratolylporphyrinato) rhodium (III), [Rh(ttp)Br] (Ic). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-bromotoluene (1.5 
mL) at 120 "C under N2 for 3 d with the reaction covered by aluminum foil. The 
solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
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CH2CI2 (1:1). Two red solids were collected in two fractions. Rh(ttp)(4-tolyl) (2b) 
(7.4 mg, 0.0085 mmol, 23 %)，and Rh(ttp)Br (Ic) (18.0 mg, 0.021 mmol, 52 %) R/= 
0.30 (CH2CI2 = 100 %). 'H N M R (CDCI3，300 MHz) 5 2.71 (s, 12 H), 7.55 (d, 8 H, J 
=6.3)，8.10 (d，8 H，J 二 8.1 Hz), 8.93 (s, 8 H). '^C NMR (CDCI3，75 MHz) 5 21.89, 
127.58，127.92, 132.88, 134.09, 134.97，137.63, 143.66. Calcd for (C48H36N4BrRh)+: 
m/z 850.1173. Found: m/z 850.11 16. 
Reaction of Rh(ttp)Cl with 4-Iodotoluene 
Iodo-(5,10,15,20-tetratolylporphyrinato)rhodiuni(III), [Rh(ttp)I] (Id)严 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 4-iodotoluene (1.5 mL) 
at 1 2 0 � C under N2 for 3 d with the reaction covered by aluminum foil. The solvent 
was then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1). 
Two red solids were collected in two fractions. Rh(ttp)(4-tolyl) (2b) (15.0 mg, 0.018 
mmol, 49 %), and Rh(ttp)I (Id) (18.0 mg, 0.021 mmol, 57 %) R / = 0.30 (CH2CI2 = 
1 0 0 � / � ) . 'H N M R (CDCI3，300 MHz) 5 2.71 (s, 12 H), 7.55 (d, 8 H，•/= 6.3 Hz), 8.10 
(d, 8 H, J = 8.1 Hz), 8.93 (s，8 H). HRMS (FARMS): Calcd. for (C48H36N4llhI)+ : m/z 
898.1034. Found: m/z: 898.1028. 
Reaction of 4-BrC6H4CH2Rh(ttp) (2ni) with 4-Bromotoluene. 
Method 1: 4-BrC6H4CH2Rh(ttp) (2m) (11.0 mg, 0.012 mmol) was mixed with 4-
bromotoluene (1 mL) at 1 2 0 � C under N2 for 3 d to give Rh(ttp)(4-tolyI) (2b) (5.0 mg, 
0.0058, mmol, 50 %). 
7 8 
Reactions of Rh(ttp)Cl with Fluorobenzene 
(5,10,15,20-tetratolyIporphyrinato)(4-fluorophenyl)rhodium(III), 
[4-FC6H4Rh(ttp)] (6a) and (5,10,15,20-tetratolylporphyrinato)(phenyl)rhodiuin 
(III)，[CfiHsRhCttp)] (5). 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with fluorobenzene (1.5 mL) 
at 120 under N2 for 3 d with the reaction covered by aluminum foil. The solvent 
was then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give 4-FC6H4Rh(ttp) (6a) (5.8 mg, 0.0067 mmol, 18 %) as a red solid. R /= 0.65 
(hexane: CH2CI2 = 1:1). 'H NMR (CDCI3, 300 MHz) 5 0.14 (dd, 2 H, J = 1.8，8.9 
Hz), 2.69 (s，12 H), 4.56 (d, 2 H, J= 9.0 Hz), 7.53 (t, 8 H， J= 5.4 Hz), 7.99 (dd, 4 H， 
J= 2.1’ 8.6 Hz), 8.06 (dd, 4 H, J= 2.1, 7.4 Hz), 8.78 (s, 8 H). '^C NMR (CDCI3，75 
MHz) 5 21.88, 110.92, 123.22，127.80，129.06, 132.06，134.10, 134.47, 137.71’ 
139.30，143. Calcd for (C54H4oN4FRh)+: m/z 866.2287. Found: m/z 886.2298. 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 4-
fluorotoluene (1.5 mL) were degassed for three freeze-thaw-pump cycles and heated 
at 120 under N2 for 12 h with the reaction covered by aluminum foil. The solvent 
was then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give CeHsRhCttp) (5) (15.1 mg, 0.018 mmol, 48 %) as a red solid. R , = 0.50 
(hexane/ CH2CI2 = 1:1). NMR (CDCI3, 300 MHz) 5 0.26 (d，2H, J = 8 . 1 Hz), 2.69 
(s, 12 H), 4.76 (dt, 2 H，J= 1.2，7.8 Hz), 5.23 (t, 1 H, J = 7.8 Hz), 7.52 (t, 8 H, J = 6.3 
Hz), 8.00 (dd, 4 H’ J = 2.1，8.9 Hz), 8.06 (dd, 4 H, J = 2 . 4 , 8.7 Hz), 8.76 (s，8 H). '^C 
NMR (CDCI3, 75 MHz) 5 21.88, 120.68’ 123.21, 124.22, 127.76, 129.11, 131.98, 
7 9 
134.11，134.52，137.62, 139.43, 143.39. Calcd for (C54H4iN4Rh)+: m/z 848.2381. 
Found: m/z 848.2360. 
Reactions of Rh(ttp)Cl with Bromobenzene. 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with bromobenzene (1.5 mL) 
at 120 under N ! for 3 d with the reaction covered by aluminum foil. The solvent 
was then removed in vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane: CH2CI2 (1:1) 
to give CfiHsRhCttp) (5) (6.3 mg, 0.0074 mmol, 20 %), and Rh(ttp)Br (Ic) (15.1 mg, 
0.018 mmol, 48 0/0). 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 4-
chlorotoluene (1.5 mL) were heated at 120 °C under N2 for 12 h to give CeHsRhCttp) 
(5) collected (27.1 mg, 0.032 mmol, 86 %). 
3.7 Benzylic CCA Reaction of Rh(ttp)Cl with 1,3,5-Triisopropylbenzene 
Reactions of Rh(ttp)Cl with 1,3,5-Triisopropylbenzene. 
Method 1: Rh(ttp)Cl (30.0 mg, 0.037 mmol) was mixed with 1,3,5-
triisopropylbenzene (1.5 mL) at 120 under N2 for 3 d with the reaction covered by 
aluminum foil. The solvent was then removed in vacuum and the red crude mixture 
was isolated by column chromatography on silica gel eluting with a solvent mixture 
of hexane: CH2CI2 (1:1). Trace amount of Rh(ttp)Me ( lb) was observed in ^H NMR 
of the crude reaction mixture. 
Method 3: Rh(ttp)Cl (30.0 mg, 0.037 mmol), NaOH (14.9 mg, 0.37 mmol) and 1,3,5-
triisopropylbenzene (1.5 mL) were degassed for three freeze-thaw-pump cycles and 
heated at 120 under N2 for 4 h with the reaction covered by aluminum foil. The 
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solvent was then removed in vacuum and the red crude mixture was isolated by 
column chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give Rh(ttp)Me ( lb) (28.3 mg, 0.036 mmol, 97 %). 
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Crystal Data Collection and Processing Parameters of 
.Complexes 2b，2e，2g，2h, 5 and 6a 
4-CH3C6H4CH2Rh(ttp) (2b) 
(^067 
Figure la . ORTEP of complex 4-CH3C6H4Rh(ttp) (2b), showing the atomic 
labeling scheme and 30 %probability displacement ellipsoids. 
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Figure lb. The conformations of porphyrins in 2b, showing the 
displacement of the core atoms and of Rh from the 24-atom 
least squares plane of porphyrin core (in pm; negative values 
correspond to displacement towards the benzyl or phenyl 
ligands). Absolute values of the angles between pyrrole rings 
and least-squares plane and angles between tolyl substituents 
and the least-squares plane are shown in bold. 
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Table 1. Crystal Data and Structure Refinement for 2b 
Identification code pfc210.1 
Empirical formula C56 H44 C13 N4 Rh 
Formula weight 982.21 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Monoclinic, P2(l)/n 
Unit cell dimensions a = 15.7173(17) A alpha = 90° 
b = 19.192(2) A beta 
=105.262(2)� 
c = 15.7888(16) A gamma = 9 0 � 
Volume 4594.8(8) A^ 
Z, Calculated density 4，1.420 Mg/m^ 
Absorption coefficient 0.590 mm"* 
F(OOO) 2016 
Crystal size 0.40 x 0.30 x 0.20 mm 
Theta range for data collection 1.63 to 28.30° 
Limiting indices -18<=h<=20, -20<=k<=25, -20<=1<=21 
Reflections collected / unique 31763 / 11389 [R(int) = 0.0675] 
Completeness to theta = 28.30’ 99.8 % 
Absorption correction SADABS 
Max. and min. transmission 1.0000 and 0.693361 
Ref inement method Full-matrix least-squares on F 
Data / restraints / parameters 1 1389 / 0 / 577 
Goodness-of-fit on F^ 1.002 
89 
Final R indices [I>2sigma(I)] R1 = 0.0628, wR2 = 0.1590 
R indices (all data) R1 = 0.1499, wR2 = 0.2143 
Largest diff. peak and hole 0.918 and -0.944 e.A"^ 
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Table 2. Bond Lengths [A] and Angles [deg] for 2b 
Rh(l)-C(61) 2.003(6) C(32)-C(33) 1.380(8) 
Rh(l)-N(2) 2.007(4) C(33)-C(34) 1.370(9) 
Rh(l)-N(3) 2.020(4) C(34)-C(35) 1.382(9) 
Rh( l ) -N( l ) 2.022(4) C(34)-C(37) 1.514(9) 
Rh � - N ( 4 ) 2.027(4) C(35)-C(36) 1.383(8) 
N � - C ( l ) 1.373(7) C(41)-C(46) 1.368(10) 
N(l)-C(4) 1.374(7) C(41)-C(42) 1.377(9) 
N(2)-C(9) 1.377(6) C(42)-C(43) 1.373(9) 
N(2)-C(6) 1.383(7) C(43)-C(44) 1.341(11) 
N(3) -C( l l ) 1.378(7) C(44)-C(45) 1.353(12) 
N(3)-C(14) 1.382(7) C(44)-C(47) 1.522(9) 
N(4)-C(16) 1.373(7) C(45)-C(46) 1.415(11) 
N(4)-C(19) 1.376(7) C(51)-C(52) 1.377(9) 
C(l)-C(20) 1.404(8) C(51)-C(56) 1.384(8) 
C(l)-C(2) 1.434(7) C(52)-C(53) 1.384(9) 
C(2)-C(3) 1.335(7) C(53)-C(54) 1.370(11) 
C(3)-C(4) 1.433(7) C(54)-C(55) 1.362(10) 
C(4)-C(5) 1.406(8) C(54)-C(57) 1.510(9) 
C(5)-C(6) 1.403(8) C(55)-C(56) 1.388(8) 
C(5)-C(21) 1.495(7) C(61)-C(62) 1.379(8) 
C(6)-C(7) 1.426(7) C(61)-C(66) 1.380(8) 
C(7)-C(8) 1.340(7) C(62)-C(63) 1.375(9) 
C(8)-C(9) 1.437(8) C(63)-C(64) 1.381(9) 
C(9)-C(10) 1.409(7) C(64)-C(65) 1.358(9) 
C(10) -C( l l ) 1.391(7) C(64)-C(67) 1.517(9) 
C(10)-C(31) 1.490(8) C(65)-C(66) 1.397(9) 
C( l l ) -C(12) 1.439(7) C(71)-C1(2) 1.536(14) 
C(12)-C(13) 1.334(8) C(71)-C1(1) 1.762(17) 
C(13)-C(14) 1.432(8) C(71)-C1(3) 1.79(2) 
C(14)-C(15) 1.398(8) 
C(15)-C(16) 1.392(8) C(61)-Rh(l)-N(2) 92.9(2) 
C(15)-C(41) 1.497(8) C(61)-Rh(l)-N(3) 91.5(2) 
C(16)-C(17) 1.445(8) N(2)-Rh � - N ( 3 ) 89.50(17) 
C(17)-C(18) 1.328(9) C ( 6 1 ) - R h � - N ( l ) 87.78(19) 
C(18)-C(19) 1.445(8) N(2)-Rh � - N ( l ) 90.50(18) 
C(19)-C(20) 1.390(8) N(3)-Rh( l ) -N( l ) 179.33(19) 
C(20)-C(51) 1.506(7) C(61)-Rh(l)-N(4) 95.0(2) 
C(21)-C(26) 1.378(8) N ( 2 H l h � - N ( 4 ) 172.10(19) 
C(21)-C(22) 1.379(8) N(3)-Rh � - N ( 4 ) 90.18(17) 
C(22)-C(23) 1.393(9) N(l ) -Rh � - N ( 4 ) 89.92(18) 
C(23)-C(24) 1.367(10) C(l ) -N(l ) -C(4) 106.6(4) 
C(24)-C(25) 1.395(9) C � - N ( l ) - R h � 126.4(4) 
C(24)-C(27) 1.522(9) C(4)-N � - R h ( l ) 125.7(4) 
C(25)-C(26) 1.363(8) C(9)-N(2)-C(6) 106.1(4) 
C(31)-C(32) 1.378(8) C(9)-N(2)-Rh(l) 127.4(4) 
C(31)-C(36) 1.398(8) C(6)-N(2)-Rh(l) 126.5(4) 
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C(11)-N(3)-C(14) 106.7(4) C(19)-C(20)-C(l) 124.4(5) 
C( 11 )-N(3)-Rh( 1) 126.2(4) C( 19)-C(20)-C(51) 117.5(5) 
C( 14)-N(3)-Rh( 1) 126.3(4) C( 1 )-C(20)-C(51) 118.1(5) 
C(16)-N(4)-C(19) 107.0(5) C(26)-C(21)-C(22) 117.4(5) 
C(16)-N(4)-Rh(l) 126.4 � C(26)-C(21)-C(5) 120.3(5) 
C(19)-N(4)-Rh(l) 126.6(4) C(22)-C(21)-C(5) 122.3(5) 
N( 1 )-C( 1 )-C(20) 125.4(5) C(21 )-C(22)-C(23) 120.8(6) 
N(l)-C(l)-C(2) 109.0(5) C(24)-C(23)-C(22) 121.6(6) 
C(20)-C(l)-C(2) 125.6(5) C(23)-C(24)-C(25) 117.1(6) 
C(3)-C(2)-C(l) 107.8(5) C(23)-C(24)-C(27) 122.4(7) 
C � - C ( 3 ) - C ( 4 ) 107.4(5) C(25)-C(24)-C(27) 120.5(7) 
N � - C ( 4 ) - C ( 5 ) 125.2(5) C(26)-C(25)-C(24) 121.4(7) 
N � - C ( 4 ) - C ( 3 ) 109.2(5) C(25)-C(26)-C(21) 121.8(6) 
C(5)-C(4)-C(3) 125.5(5) C(32)-C(31)-C(36) 117.3(5) 
C(6)-C(5)-C(4) 124.2(5) C(32)-C(31)-C(10) 123.3(5) 
C(6)-C(5)-C(21) 117.6(5) C(36)-C(31)-C(10) 119.4(5) 
C(4)-C(5)-C(21) 118.0(5) C(31)-C(32)-C(33) 121.0(6) 
N(2)-C(6)-C(5) 125.0(5) C(34)-C(33)-C(32) 122.1(6) 
N(2)-C(6)-C(7) 109.3(5) C(33)-C(34)-C(35) 117.3(6) 
C(5)-C(6)-C(7) 125.5(5) C(33)-C(34)-C(37) 121.8(6) 
C(8)-C(7)-C(6) 107.6(5) C(35)-C(34)-C(37) 120.9(6) 
C(7)-C(8)-C(9) 107.7(5) C(34)-C(35)-C(36) 121.4(6) 
N(2)-C(9)-C(10) 124.6(5) C(35)-C(36)-C(31) 120.8(6) 
N(2)-C(9)-C(8) 108.8(5) C(46)-C(41)-C(42) 117.0(6) 
C( 10)-C(9)-C(8) 126.2(5) C(46)-C(41 )-C( 15) 122.2(7) 
C( l l ) -C( l 0)-C(9) 123.7(5) C(42)-C(41)-C(15) 120.7(6) 
C( 11 )-C( 10)-C(31) 117.6(5) C(43)-C(4i)-C(41) 121.6(7) 
C(9)-C( 10)-C(31) 118.4(5) C(44)-C(43)-C(42) 122.2(8) 
N(3)-C(l I)-C(IO) 125.5(5) C(43)-C(44)-C(45) 117.5(7) 
N(3)-C(ll)-C(12) 108.8(5) C(43)-C(44)-C(47) 122.8(9) 
C(10)-C(l 1)-C(12) 125.5(5) C(45)-C(44)-C(47) 119.6(9) 
C(13)-C(12)-C(l 1) 107.6(5) C(44)-C(45)-C(46) 121.7(8) 
C(12)-C(13)-C(14) 108.1(5) C(41)-C(46)-C(45) 119.9(9) 
N(3)-C(14)-C(15) 125.8(5) C(52)-C(51)-C(56) 118.7(6) 
N(3)-C(14)-C(13) 108.7(5) C(52)-C(51)-C(20) 120.2(6) 
C(56)-C(51)-C(20) 121.1(5) 
C(15)-C(14)-C(13) 125.5(5) C(51)-C(52)-C(53) 119.8(7) 
C(16)-C(15)-C(14) 124.2(5) C(54)-C(53)-C(52) 121.9(7) 
C( 16)-C( 15)-C(41) 118.7(5) C(55)-C(54)-C(53) 117.9(6) 
C( 14)-C( 15)-C(41) 117.1 (5) C(55)-C(54)-C(5 7) 122.4(8) 
N � - C ( 1 6 ) - C ( 1 5 ) 126.3(5) C(53)-C(54)-C(57) 119.6(8) 
N(4)-C(16)-C(17) 108.4(5) C(54)-C(55)-C(56) 121.5(7) 
C(15)-C(16)-C(17) 125.2(5) C(51)-C(56)-C(55) 120.0(6) 
C( 18)-C( 17)-C( 16) 108.4(5) C(62)-C(61 )-C(66) 118.0(6) 
C( 17)-C( 18)-C( 19) 107.2(5) C(62)-C(61 )-Rh( 1) 120.7(4) 
N(4)-C( 19)-C(20) 125.9(5) C(66)-C(61 )-Rh( 1) 121.2(4) 
N(4)-C( 19)-C(l 8) 109.0(5) C(63)-C(62)-C(61) 119.9(6) 












Figure 2a. ORTEP of complex 4-^BuC6H4CH2Rh(ttp) (2e)，showing the atomic 
labeling scheme and 30 % probability displacement ellipsoids. 
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Figure 2b. The conformations of porphyrins in 2e, showing the displacement 
of the core atoms and of Rh from the 24-atom least squares plane 
of porphyrin core (in pm; negative values correspond to 
displacement towards the benzyl or phenyl ligands). Absolute 
values of the angles between pyrrole rings and least-squares 
plane and angles between tolyl substituents and the least-squares 
plane are shown in bold. 
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Table 3. Crystal Data and Structure Refinement for 2e 
Identification code pfc400 
Empir ica l fo rmula C59.50 H52 CI N4 Rh 
Formula weight 961.41 
T e m p e r a t u r e 293(2) K 
Wavelength 0.71073 A 
Crysta l system, space g roup Monoclinic，P2(l)/c 
Unit cell dimensions a = 14.525(18) A alpha = 90" 
b = 20.97(3) A beta = 94.61(3)� 
c = 16.08(2) A gamma = 9 0 � 
Volume 4882(10) A^ 
Z, Calcula ted density 4，1.308 Mg/m^ 
Absorption coefficient 0.448 mm"' 
F(OOO) 1996 
Crystal size 0.40 x 0.30 x 0.20 mm 
Theta range for da ta collection 1.41 to 25.00"" 
Limit ing indices -17<=h<=15, -23<=k<=24, -18<=1<=19 
Reflections collected / unique 26124 / 8589 [R(int) = 0.0660] 
Completeness to theta 100.0 % 
Absorption correction SADABS 
Max. and min. transmission 1.0000 and 0.120100 
Refinement method Full-matrix least-squares on F^ 
Data / restraints / parameters 8589 / 0 / 604 
Goodness-of-fit on F^ 1.058 
Final R indices [I>2sigma(I)] R1 =0.0510, wR2 = 0.1218 
95 
R indices (all data) R1 = 0.0954，wR2 = 0.1542 
Largest diff. peak and hole 0.620 and -0.550 e. k � 
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Table 4. Bond Lengths [A] and Angles [deg] for 2e 
Rh(l)-N(3) 2.009(4) C(32)-C(33) 1.391(7) 
Rh( l ) -N( l ) 2.020(4) C(33)-C(34) 1.377(9) 
Rh(l)-N(2) 2.022(4) C(34)-C(35) 1.361(9) 
Rh(l)-N(4) 2.023(4) C(34)-C(37) 1.516(8) 
Rh(l)-C(61) 2.079(6) C(35)-C(36) 1.369(7) 
N(l)-C(4) 1.368(6) C(41)-C(42) 1.375(7) 
N( l ) -C( l ) 1.387(6) C(41)-C(46) 1.376(8) 
N(2)-C(6) 1.368(6) C(42)-C(43) 1.378(8) 
N(2)-C(9) 1.372(6) C(43)-C(44) 1.351(9) 
N(3)-C(14) 1.370(6) C(44)-C(45) 1.374(10) 
N(3) -C( l l ) 1.377(6) C(44)-C(47) 1.522(8) 
N(4)-C(16) 1.372(6) C(45)-C(46) 1.379(9) 
N(4)-C(19) 1.384(6) C(51)-C(56) 1.336(8) 
C(l)-C(20) 1.386(7) C(51)-C(52) 1.352(8) 
C(l)-C(2) 1.410(7) C(52)-C(53) 1.382(8) 
C(2)-C(3) 1.340(7) C(53)-C(54) 1.320(9) 
C(3)-C(4) 1.429(7) C(54)-C(55) 1.339(9) 
C(4)-C(5) 1.400(6) C(54)-C(57) 1.511(7) 
C(5)-C(6) 1.381(7) C(55)-C(56) 1.382(8) 
C(5)-C(21) 1.495(7) C(61)-C(62) 1.489(7) 
C(6)-C(7) 1.443(6) C(62)-C(63) 1.365(7) 
C(7)-C(8) 1.334(7) C(62)-C(67) 1.374(7) 
C(8)-C(9) 1.428(7) C(63)-C(64) 1.390(8) 
C(9)-C(10) 1.385(7) C(64)-C(65) 1.379(8) 
C(10) -C( l l ) 1.394(7) C(65)-C(66) 1.386(8) 
C(10)-C(31) 1.503(7) C(65)-C(68) 1.533(8) 
C( l l ) -C(12) 1.436(7) C(66)-C(67) 1.379(8) 
C(12)-C(13) 1.330(7) C(68)-C(69) 1.321(15) 
C(13)-C(14) 1.424(7) C(68)-C(71) 1.357(16) 
C(14)-C(15) 1.392(7) C(68)-C(70) 1.409(12) 
C(15)-C(16) 1.390(7) Cl(l)-C(72) 1.78(2) 
C(15)-C(41) 1.495(7) C1(2)-C1(2)#1 1.35(2) 
C(16)-C(17) 1.434(7) Cl(2)-C(72) 1.70(2) 
C(17)-C(18) 1.319(7) N(3)-Rh � - N ( l ) 176.06(17) 
C(18)-C(19) 1.428(7) N(3)-Rh(l)-N(2) 90.13(17) 
C(19)-C(20) 1.380(7) N( l ) -Rh( l ) -N(2) 90.04(17) 
C(20)-C(51) 1.506(6) N(3)-Rh(l)-N(4) 89.86(18) 
C(21)-C(22) 1.372(8) N � - R h ( l ) - N ( 4 ) 89.59(17) 
C(21)-C(26) 1.375(8) N(2)-Rh(l)-N(4) 174.39(16) 
C(22)-C(23) 1.378(8) N(3)-Rh(l)-C(61) 94.5(2) 
C(23)-C(24) 1.377(8) N(l ) -Rh( l ) -C(61) 89.4(2) 
C(24)-C(25) 1.371(9) N(2)-Rh � - C ( 6 1 ) 92.6(2) 
C(24)-C(27) 1.515(8) N(4)-Rh(l)-C(61) 93.0(2) 
C(25)-C(26) 1.385(9) C(4)-N(l) -C(l ) 107.0(4) 
C(31)-C(36) 1.365(7) C(4)-N(l ) -Rh(l ) 126.2(3) 
C(31)-C(32) 1.376(8) C ( l ) -N( l ) -Rh( l ) 126.6(3) 
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C(6)-N(2)-C(9) 106.5(4) N(4)-C(19)-C(18) 109.0(4) 
C(6)-N(2)-Rh(l) 126.6(3) C(19)-C(20)-C(l) 124.8(4) 
C(9)-N(2)-Rh(l) 127.0(3) C(19)-C(20)-C(51) 116.7(4) 
C(14)-N(3)-C(l 1) 106.8(4) C(l)-C(20)-C(51) 118.6(4) 
C( 14)-N(3)-Rh( 1) 126.8(3) C(22)-C(21 )-C(26) 118.0(5) 
C(l l )-N(3)-Rh(l) 126.2(3) C(22)-C(21)-C(5) 120.9(5) 
C( 16)-N(4)-C( 19) 105.8(4) C(26)-C(21 )-C(5) 121.1(5) 
C( 16)-N(4)-Rh( 1) 127.1(3) C(21 )-C(22)-C(23) 121.0(6) 
C( 19)-N(4)-Rh( 1) 127.2(3) C(24)-C(23)-C(22) 121.8(6) 
C(20)-C(l)-N(l) 126.0(4) C(25)-C(24)-C(23) 116.7(6) 
C(20)-C( 1 )-C(2) 125.8(4) C(25)-C(24)-C(27) 121.9(7) 
N(l)-C(l)-C(2) 108.1(4) C(23)-C(24)-C(27) 121.4(7) 
C(3)-C(2)-C(l) 108.9(5) C(24)-C(25)-C(26) 122.2(6) 
C(2)-C(3)-C(4) 107.0(5) C(21)-C(26)-C(25) 120.4(7) 
N(l)-C(4)-C(5) 126.1(4) C(36)-C(31)-C(32) 118.7(5) 
N � - C ( 4 ) - C ( 3 ) 109.0(4) C(36)-C(31)-C(10) 121.1(5) 
C(5)-C(4)-C(3) 124.9(5) C(32)-C(31)-C(10) 120.2(5) 
C(6)-C(5)-C(4) 124.3(5) C(31)-C(32)-C(33) 119.9(6) 
C(6)-C(5)-C(21) 117.2(4) C(34)-C(33)-C(32) 120.8(6) 
C(4)-C(5)-C(21) 118.5(4) C(35)-C(34)-C(33) 118.1(6) 
N(2)-C(6)-C(5) 126.3(4) C(35)-C(34)-C(37) 121.4(7) 
N � - C ( 6 ) - C ( 7 ) 109.3(4) C(33)-C(34)-C(37) 120.5(7) 
C(5)-C(6)-C(7) 124.4(5) C(34)-C(35)-C(36) 121.4(6) 
C(8)-C(7)-C(6) 106.8(5) C(31)-C(36)-C(35) 121.0(6) 
C(7)-C(8)-C(9) 108.1(4) C(42)-C(41)-C(46) 117.6(5) 
N(2)-C(9)-C( 10) 125.5(4) C(42)-C(41 )-C( 15) 121.6(5) 
N(2)-C(9)-C(8) 109.2(4) C(46)-C(41)-C(15) 120.7(5) 
C( 10)-C(9)-C(8) 125.3(4) C(41 )-C(42)-C(43) 121.4(6) 
C(9)-C(10)-C(l 1) 124.6(4) C(44)-C(43)-C(42) 121.0(6) 
C(9)-C(10)-C(31) 117.8(4) C(43)-C(44)-C(45) 118.3(6) 
C(11)-C(10)-C(31) 117.6(4) C(43)-C(44)-C(47) 120.7(7) 
N(3)-C(l I)-C(IO) 126.2(4) C(45)-C(44)-C(47) 121.0(7) 
N(3)-C(l 1)-C(12) 108.3(5) C(44)-C(45)-C(46) 121.3(7) 
C(10)-C(l 1)-C(12) 125.5(5) C(41)-C(46)-C(45) 120.5(6) 
C(13)-C(12)-C(l 1) 107.9(5) C(56)-C(51)-C(52) 116.4(5) 
C(12)-C(13)-C(14) 107.7(5) C(56)-C(51)-C(20) 122.3(5) 
N(3)-C( 14)-C( 15) 126.0(5) C(52)-C(51 )-C(20) 121.3(5) 
N(3)-C(14)-C(13) 109.2(5) C(51)-C(52)-C(53) 121.2(6) 
C(15)-C(14)-C(13) 124.8(5) C(54)-C(53)-C(52) 122.8(6) 
C(16)-C(15)-C(14) 124.7(5) C(53)-C(54)-C(55) 115.7(6) 
C(16)-C(15)-C(41) 115.7(4) C(53)-C(54)-C(57) 120.9(6) 
C(14)-C(15)-C(41) 119.6(4) C(55)-C(54)-C(57) 123.4(6) 
N(4)-C(16)-C(15) 125.3(4) C(54)-C(55)-C(56) 122.9(6) 
N(4)-C( 16)-C( 17) 109.5(4) C(51 )-C(56)-C(55) 121.1(6) 
C( 15)-C( 16)-C( 17) 125.2(5) C(62)-C(61 )-Rh( 1) 116.3(4) 
C(18)-C(17)-C(16) 107.5(5) C(63)-C(62)-C(67) 116.9(5) 
C( 17)-C( 18)-C(l 9) 108.3(5) C(63)-C(62)-C(61) 122.0(5) 
C(20)-C( 19)-N(4) 125.6(4) C(67)-C(62)-C(61) 121.1(5) 



















Figure 3a. ORTEP of complex 3，5-(CH3)2C6H3CH2Rh(ttp) 2g, showing the 
atomic labeling scheme and 30 % probability displacement ellipsoids. 
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Figure 3b.The conformations of porphyrins in 2g, showing the displacement 
of the core atoms and of Rh from the 24-atom least squares plane 
of porphyrin core (in pm; negative values correspond to 
displacement towards the benzyl or phenyl ligands). Absolute 
values of the angles between pyrrole rings and least-squares plane 
and angles between tolyl substituents and the least-squares plane 
are shown in bold. 
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Table 5. Crystal Data and S t ruc ture Ref inement fo r 2g 
Identification code pfc416 
Empir ica l fo rmula C57 H47 N4 Rh 
F o r m u l a weight 890.90 
T e m p e r a t u r e 293(2) K 
Wavelength 0.71073 A 
Crystal system, space g roup Triclinic, P2(l) /c 
Unit cell dimensions a = 9.859 (2) A alpha = 110.3006 (4)。 
b = 15.879(3) A beta = 101.221(4)° 
c = 16.654(3) A gamma = 103.811 
(4 )� 
Volume 2261.7 (8) A3 
Z, Calculated density 2，1.308 Mg/m] 
Absorpt ion coefficient 0.420 mm"' 
F(OOO) 924 
Crys ta l size 0.30 x 0.20 x 0.10 mm 
The ta range for da ta collection 1.37 to 28.35° 
Limit ing indices -13<=h<=12, -12<=k<=21, -22<=1<=17 
Reflections collected / unique 15769 / 11017 [R(int) = 0.0294] 
Completeness to theta 97.4 % 
Absorpt ion correct ion SADABS 
Max. and min. t ransmission 1.0000 and 0.607418 
Ref inement method Full-matrix least-squares on F^ 
Data / res t ra in ts / p a r a m e t e r s 1 1 0 1 7 / 0 / 559 
101 
Goodness-of-fit on F^ 1.027 
Final R indices [I>2sigma(I)] R1 = 0.0468，wR2 = 0.1066 
R indices (all data) R1 = 0.0853, wR2 = 0.1277 
Larges t diff. peak and hole 0.806 and -0.410 e. A"^  
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Table 6. Bond Lengths [A] and Angles [deg] for 2g 
Rh � - N ( 3 ) 2.016(2) C(33)-C(34) 1.369(6) 
Rh(l)-N(4) 2.022(3) C(34)-C(35) 1.372(6) 
Rh(l)-N(2) 2.023(2) C(34)-C(37) 1.522(5) 
Rh(l)-N(l) 2.027(2) C(35)-C(36) 1.388(5) 
Rh(l)-C(61) 2.057(4) C(41)-C(42) 1.364(5) 
N(l)-C(4) 1.371(4) C(41)-C(46) 1.367(5) 
N( l ) -C( l ) 1.382(4) C(42)-C(43) 1.398(6) 
N(2)-C(6) 1.374(4) C(43)-C(44) 1.353(7) 
N(2)-C(9) 1.381(4) C(44)-C(45) 1.346(7) 
N(3)-C(14) 1.369(4) C(44)-C(47) 1.526(6) 
N(3)-C(l l ) 1.382(4) C(45)-C(46) 1.397(6) 
N(4)-C(16) 1.374(4) C(51)-C(56) 1.355(5) 
N � - C ( 1 9 ) 1.379(4) C(51)-C(52) 1.364(6) 
C(l)-C(20) 1.386(5) C(52)-C(53) 1.394(6) 
C(l)-C(2) 1.436(5) C(53)-C(54) 1.375(8) 
C(2)-C(3) 1.338(5) C(54)-C(55) 1.336(7) 
C(3)-C(4) 1 . 4 3 6 � C(54)-C(57) 1.531(6) 
C(4)-C(5) 1.396(5) C(55)-C(56) 1.395(6) 
C(5)-C(6) 1.391(4) C(61)-C(62) 1.474(5) 
C(5)-C(21) 1.500(5) C(62)-C(63) 1.377(5) 
C(6)-C(7) 1.437(4) C(62)-C(67) 1.387(5) 
C(7)-C(8) 1.342(4) C(63)-C(64) 1.411 (7) 
C(8)-C(9) 1.438(4) C(64)-C(65) 1.366(8) 
C(9)-C(10) 1 . 3 9 4 � C(64)-C(68) 1.511(8) 
C(10)-C(l l) 1.390(4) C(65)-C(66) 1.364(7) 
C(10)-C(31) 1.497(4) C(66)-C(67) 1.384(6) 
C(l l )-C(12) 1.435(4) C(66)-C(69) 1.526(7) 
C(12)-C(13) 1.345(5) 
C(13)-C(14) 1.433(4) N(3)-Rh(l)-N(4) 90.32(10) 
C(14)-C(15) 1.393(4) N(3)-Rh � - N � 89.99(10) 
C(15)-C(16) 1.392(4) N(4)-Rh(l)-N(2) 174.63(11) 
C(15)-C(41) 1.503(5) N(3)-Rh(l)-N(l) 176.71(11) 
C(16)-C(17) 1.437(5) N(4)-Rh � - N ( l ) 89.69(10) 
C(17)-C(18) 1.336(5) N(2)-Rh(l)-N(l) 89.70(10) 
C(18)-C(19) 1.443(5) N(3)-Rh � - C ( 6 1 ) 89.63(13) 
C(19)-C(20) 1.387(5) N(4)-Rh � - C ( 6 1 ) 97.50(13) 
C(20)-C(51) 1.509(4) N(2)-Rh(l)-C(61) 87.86(13) 
C(21)-C(26) 1.366(6) N(l)-Rh(l)-C(61) 93.63(13) 
C(21)-C(22) 1.381(6) C(4)-N(l)-C(l) 106.7(3) 
C(22)-C(23) 1.388(6) C(4)-N(l)-Rh(l) 126.9(2) 
C(23)-C(24) 1.360(8) C( l ) -N(l ) -Rh( l ) 126.4(2) 
C(24)-C(25) 1.355(8) C(6)-N(2)-C(9) 106.5(2) 
C(24)-C(27) 1.541(6) C(6)-N(2)-Rh(l) 127.1(2) 
C(25)-C(26) 1.392(7) C(9)-N(2)-Rh(l) 126.5(2) 
C(31)-C(36) 1.374(5) C(14)-N(3)-C(l 1) 106.8(2) 
C(31)-C(32) 1.393(5) C(14)-N(3)-Rh(l) 126.1(2) 
C(32)-C(33) 1.384(5) C(11)-N(3)-Rh(l) 126.2(2) 
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C( 16)-N(4)-C( 19) 106.7(3) C(22)-C(21 )-C(5) 120.9(4) 
C(16)-N(4)-Rh(l) 126.6(2) C(21)-C(22)-C(23) 120.2(5) 
C( 19)-N(4)-Rh( 1) 126.7(2) C(24)-C(23)-C(22) 120.9(5) 
N(l)-C(l)-C(20) 126.0(3) C(25)-C(24)-C(23) 119.1(5) 
N(l)-C( 1 )-C(2) 109.0(3) C(25)-C(24)-C(27) 120.3(6) 
C(20)-C(l)-C(2) 124.9(3) C(23)-C(24)-C(27) 120.6(6) 
C(3)-C(2)-C(l) 107.4(3) C(24)-C(25)-C(26) 120.8(5) 
C(2)-C(3)-C(4) 107.9(3) C(21)-C(26)-C(25) 120.6(5) 
N(l)-C(4)-C(5) 125.9(3) C(36)-C(31)-C(32) 117.6(3) 
N(l)-C(4)-C(3) 109.1(3) C(36)-C(31)-C(10) 120.4(3) 
C(5)-C(4)-C(3) 125.0(3) C(32)-C(31)-C(10) 122.0(3) 
C(6)-C(5)-C(4) 124.6(3) C(33)-C(32)-C(31) 120.7(4) 
C(6)-C(5)-C(21) 118.3(3) C(34)-C(33)-C(32) 121.3(4) 
C(4)-C(5)-C(21) 117.1(3) C(33)-C(34)-C(35) 118.1(3) 
N(2)-C(6)-C(5) 125.7(3) C(33)-C(34)-C(37) 120.8(4) 
N(2)-C(6)-C(7) 109.7(3) C(35)-C(34)-C(37) 121.1(4) 
C(5)-C(6)-C(7) 124.6(3) C(34)-C(35)-C(36) 121.2(4) 
C(8)-C(7)-C(6) 107.0(3) C(31)-C(36)-C(35) 121.0(3) 
C(7)-C(8)-C(9) 108.0(3) C(42)-C(41)-C(46) 118.1(4) 
N(2)-C(9)-C( 10) 125.6(3) C(42)-C(41 )-C( 15) 122.2(3) 
N(2)-C(9)-C(8) 108.8(3) C(46)-C(41)-C(15) 119.7(4) 
C( 10)-C(9)-C(8) 125.6(3) C(41 )-C(42)-C(43) 120.1 (4) 
C( 11 )-C( 10)-C(9) 124.6(3) C(44)-C(43)-C(42) 121.9(5) 
C(ll)-C(10)-C(31) 119.1(3) C(45)-C(44)-C(43) 117.9(4) 
C(9)-C(10)-C(31) 116.2(3) C(45)-C(44)-C(47) 121.6(5) 
N(3)-C(l ])-C(10) 125.7(3) C(43)-C(44)-C(47) 120.5(5) 
N(3)-C(l l )-C(]2) 108.8(3) C(44)-C(45)-C(46) 121.5(5) 
C(10)-C(l 1)-C(12) 125.5(3) C(41)-C(46)-C(45) 120.5(4) 
C(13)-C(12)-C(l 1) 107.5(3) C(56)-C(51)-C(52) 118.0(4) 
C( 12)-C( 13)-C( 14) 107.6(3) C(56)-C(51 )-C(20) 122.3(4) 
N(3)-C(14)-C(15) 126.2(3) C(52)-C(51)-C(20) 119.7(4) 
N(3)-C(14)-C(13) 109.3(3) C(51)-C(52)-C(53) 120.7(5) 
C(15)-C(14)-C(13) 124.4(3) C(54)-C(53)-C(52) 120.7(5) 
C(16)-C(15)-C(14) 124.7(3) C(55)-C(54)-C(53) 117.8(4) 
C(16)-C(15)-C(41) 117.3(3) C(55)-C(54)-C(57) 122.2(5) 
C(14)-C(15)-C(41) 117.9(3) C(53)-C(54)-C(57) 119.9(6) 
N(4)-C( 16)-C( 15) 125.5(3) C(54)-C(55)-C(56) 121.8(5) 
N(4)-C(16)-C( 17) 109.0(3) C(51 )-C(56)-C(55) 120.9(4) 
C(15)-C(16)-C(17) 125.4(3) C(62)-C(61)-Rh(l) 115.4(3) 
C(18)-C(17)-C(16) 107.9(3) C(63)-C(62)-C(67) 118.4(4) 
C( 17)-C(l 8)-C(l 9) 107.3(3) C(63)-C(62)-C(61) 121.1(4) 
N(4)-C(19)-C(20) 126.1(3) C(67)-C(62)-C(61) 120.5(3) 
N(4)-C(19)-C(18) 109.0(3) C(62)-C(63)-C(64) 120.6(5) 
C(20)-C(19)-C(18) 124.9(3) C(65)-C(64)-C(63) 118.1(5) 
C( 1 )-C(20)-C( 19) 124.5(3) C(65)-C(64)-C(68) 123.3(6) 
C(l)-C(20)-C(51) 117.3(3) C(63)-C(64)-C(68) 118.6(6) 
C( 19)-C(20)-C(51) 118.2(3) C(66)-C(65)-C(64) 123.1 (5) 
C(26)-C(21)-C(22) 118.4(4) C(65)-C(66)-C(67) 117.7(5) 








Figure 4a. ORTEP of complex 4-FC6H4CH2Rh(ttp) (2h), showing the atomic 
labeling scheme and 30 % probability displacement ellipsoids. 
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Figure 4b. The conformations of porphyrins in 2h, showing the displacement 
of the core atoms and of Rh from the 24-atom least squares plane 
of porphyrin core (in pm; negative values correspond to 
displacement towards the benzyl or phenyl ligands). Absolute 
values of the angles between pyrrole rings and least-squares plane 
and angles between tolyl substituents and the least-squares plane 
are shown in bold. 
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Table 7. Crystal Data and Structure Refinement for 2h 
Identification code pfc420 
Empirical formula C56 H43 F N 4 R h 
Formula weight 1000.20 
Tempera tu re 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Monoclinic, P2(l)/c 
Unit cell dimensions a = 13.8745(19) A alpha = 90° 
b = 22.056 (3) A beta = 96.123(3)� 
c = 15.471(2) A gamma = 9 0 � 
Volume 4707.5 (11) A^ 
Z, Calculated density 4, 1.411 Mg/m^ 
Absorption coefficient 0.580 mm'' 
F(OOO) 2048 
Crystal size 0.50 x 0.40 x 0.20 mm 
Theta range for data collection 1.48 to 25.00� 
Limiting indices -14<=h<=16, -26<=k<=21, -18<=1<=17 
Reflections collected / unique 26126/ 8255 [R(int) = 0.0311] 
Completeness to theta 99.6 % 
Absorption correction SADABS ‘ 
Max. and min. transmission 1.0000 and 0.721176 
Refinement method Full-matrix least-squares on F^ 
D a t a / r e s t ra in t s / parameters 8 5 8 9 / 0 / 6 0 4 
Goodness-of-fit on F^ 1.043 
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Final R indices [I>2sigma(I)] R1 = 0.0491，wR2 = 0.1304 
R indices (all data) R1 = 0.0708，wR2 = 0.1539 
Largest diff. peak and hole 0.935 and -0.901 e. k � 
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Table 8. Bond Lengths [A] and Angles [deg] for 2h 
Rh( l ) -N( l ) 2.021(4) C(31)-C(32) 1.378(6) 
Rh(l) -N � 2.022(3) C(32)-C(33) 1.382(7) 
Rh(l)-N(2) 2.025(3) C(33)-C(34) 1.388(7) 
Rh(l)-N(3) 2.026(3) C(34)-C(35) 1.371(7) 
Rh(l)-C(61) 2.072(5) C(34)-C(37) 1.506(7) 
F(l)-C(65) 1.375(7) C(35)-C(36) 1.389(7) 
C � - N ( l ) 1.381(5) C(41)-C(42) 1.377(7) 
C(l)-C(20) 1.392(6) C(41)-C(46) 1.377(7) 
C(l)-C(2) 1.433(6) C(42)-C(43) 1.392(8) 
C(2)-C(3) 1.336(7) C(43)-C(44) 1.366(10) 
C(3)-C(4) 1.442(6) C(44)-C(45) 1.387(10) 
C(4)-N � 1.380(5) C(44)-C(47) 1.536(8) 
C(4)-C(5) 1.393(6) C(45)-C(46) 1.387(7) 
C(5)-C(6) 1.391(6) C(51)-C(56) 1.371(7) 
C(5)-C(21) 1.503(6) C(51)-C(52) 1.381(6) 
C(6)-N(2) 1.386(5) C(52)-C(53) 1.376(7) 
C(6)-C(7) 1.428(6) C(53)-C(54) 1.379(7) 
C(7)-C(8) 1.345(7) C(54)-C(55) 1.368(7) 
C(8)-C(9) 1.441(6) C(54)-C(57) 1.510(7) 
C(9)-N(2) 1.379(5) C(55)-C(56) 1.388(7) 
C(9)-C(10) 1.387(6) C(61)-C(62) 1.473(7) 
C(10) -C( l l ) 1.386(6) C(62)-C(63) 1.381(7) 
C(10)-C(31) 1.508(6) C(62)-C(67) 1.389(7) 
C( l l ) -N(3) 1.385(5) C(63)-C(64) 1.383(9) 
C( l l ) -C(12) 1.436(6) C(64)-C(65) 1.341(11) 
C(12)-C(13) 1.343(6) C(65)-C(66) 1.355(11) 
C(13)-C(14) 1.430(6) C(66)-C(67) 1.379(8) 
C(14)-N(3) 1.374(5) Cl(3)-C(71) 1.7999(11) 
C(14)-C(15) 1.399(6) Cl(3)-C(71') 1.8000(11) 
C(15)-C(16) 1.393(6) C1(3)-C1(2) 2.226(17) 
C(15)-C(41) 1.501(6) C1(3)-C1(1) 2.400(11) 
C(16)-N(4) 1.376(5) Cl(l)-C(71) 1.7996(11) 
C(16)-C(17) 1.440(6) Cl(l)-C(71') 1.8000(11) 
C(17)-C(18) 1.337(6) C1(1)-C1(2') 2.042(16) 
C(18)-C(19) 1.431(6) C(71)-C1(2) 1.7997(11) 
C(19)-N � 1.385(5) C(71')-C1(2') 1.7999(11) 
C(19)-C(20) 1.387(6) N � - R h � - N ( 4 ) 90.16(14) 
C(20)-C(51) 1.505(6) N( l ) -Rh � - N ( 2 ) 89.62(14) 
C(21)-C(22) 1.364(7) N(4)-Rh � - N ( 2 * ) 175.40(14) 
C(21)-C(26) 1.379(7) N(l ) -Rh � - N ( 3 ) 176.04(14) 
C(22)-C(23) 1.406(8) N(4)-Rh � - N ( 3 ) 89.69(14) 
C(23)-C(24) 1.351(9) N(2)-Rh � - N ( 3 ) 90.21(14) 
C(24)-C(25) 1.355(9) N(l) -Rh(l ) -C(61) 90.37(18) 
C(24)-C(27) 1.530(8) N(4)-Rh � - C ( 6 1 ) 93.58(17) 
C(25)-C(26) 1.386(8) N(2)-Rh � - C ( 6 1 ) 91.02(17) 
C(31)-C(36) 1.373(7) N(3)-Rh � - C ( 6 1 ) 93.58(18) 
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N(l)-C(l)-C(20) 125.6(4) C(23)-C(24)-C(25) 118.0(5) 
N � - C � - C ( 2 ) 109.4(4) C(23)-C(24)-C(27) 121.2(7) 
C(20)-C( 1 )-C(2) 125.0(4) C(25)-C(24)-C(27) 120.8(7) 
C(3)-C(2)-C(l) 107.9(4) C(24)-C(25)-C(26) 121.7(6) 
C(2)-C(3)-C(4) 107.3(4) C(21)-C(26)-C(25) 120.3(6) 
N � - C ( 4 ) - C ( 5 ) 125.5(4) C(36)-C(31)-C(32) 117.9(4) 
N(l)-C(4)-C(3) 109.4(4) C(36)-C(31)-C(10) 120.8(4) 
C(5)-C(4)-C(3) 125.1(4) C(32)-C(31)-C(10) 121.3(4) 
C(6)-C(5)-C(4) 124.9(4) C(31)-C(32)-C(33) 121.0(5) 
C(6)-C(5)-C(21) 117.4(4) C(32)-C(33)-C(34) 121.3(5) 
C(4)-C(5)-C(21) 117.8(4) C(35)-C(34)-C(33) 117.3(4) 
N(2)-C(6)-C(5) 125.4(4) C(35)-C(34)-C(37) 120.9(5) 
N(2)-C(6)-C(7) 109.0(4) C(33)-C(34)-C(37) 121.7(5) 
C(5)-C(6)-C(7) 125.5(4) C(34)-C(35)-C(36) 121.3(5) 
C(8)-C(7)-C(6) 108.0(4) C(31)-C(36)-C(35) 121.1(5) 
C(7)-C(8)-C(9) 107.4(4) C(42)-C(41)-C(46) 118.1(5) 
N(2)-C(9)-C( 10) 125.9(4) C(42)-C(41 )-C( 15) 121.8(5) 
N(2)-C(9)-C(8) 109.0(4) C(46)-C(41)-C(15) 120.1(4) 
C( 10)-C(9)-C(8) 125.1(4) C(41 )-C(42)-C(43) 120.7(6) 
C( 11 )-C( 10)-C(9) 125.3(4) C(44)-C(43)-C(42) 121.3(6) 
C(11)-C(10)-C(31) 117.7(4) C(43)-C(44)-C(45) 118.2(5) 
C(9)-C(10)-C(31) 117.0(4) C(43)-C(44)-C(47) 120.9(7) 
N(3)-C(l I)-C(IO) 125.6(4) C(45)-C(44)-C(47) 120.9(7) 
N(3)-C(l 1)-C(12) 108.8(4) C(46)-C(45)-C(44) 120.4(6) 
C( 10)-C( 11 )-C( 12) 125.5(4) C(41 )-C(46)-C(45) 121.3(6) 
C(13)-C(12)-C(ll) 107.6(4) C(56)-C(51)-C(52) 118.3(4) 
C(12)-C(13)-C(14) 107.7(4) C(56)-C(51)-C(20) 120.0(4) 
N(3)-C( 14)-C( 15) 125.8(4) C(52)-C(51 )-C(20) 121.6(4) 
N(3)-C(14)-C(13) 109.4(4) C(53)-C(52)-C(51) 120.5(5) 
C(15)-C(14)-C(13) 124.8(4) C(52)-C(53)-C(54) 121.5(5) 
C(16)-C(15)-C(14) 124.3(4) C(55)-C(54)-C(53) 117.7(4) 
C(16)-C(15)-C(41) 117.7(4) C(55)-C(54)-C(57) 120.6(5) 
C(14)-C(15)-C(41) 118.0(4) C(53)-C(54)-C(57) 121.7(5) 
N(4)-C(16)-C(l 5) 126.1 (4) C(54)-C(55)-C(56) 121.3(5) 
N(4)-C(16)-C( 17) 109.1 (4) C(51 )-C(56)-C(55) 120.7(5) 
C(15)-C(16)-C(17) 124.8(4) C(62)-C(61)-Rh(l) 115.8(3) 
C(18)-C(17)-C(16) 107.5(4) C(63)-C(62)-C(67) 117.4(5) 
C( 17)-C( 18)-C( 19) 107.9(4) C(63)-C(62)-C(61) 121.9(5) 
N(4)-C(19)-C(20) 125.5(4) C(67)-C(62)-C(61) 120.7(5) 
N(4)-C( 19)-C( 18) 109.1 (4) C(62)-C(63)-C(64) 121.6(6) 
C(20)-C(19)-C(18) 125.4(4) C(65)-C(64)-C(63) 118.3(6) 
C( 19)-C(20)-C( 1) 125.2(4) C(64)-C(65)-C(66) 123.2(6) 
C( 19)-C(20)-C(51) 117.7(4) C(64)-C(65)-F( 1) 119.0(8) 
C( 1 )-C(20)-C(51) 117.1(4) C(66)-C(65)-F( 1) 117.8(8) 
C(22)-C(21)-C(26) 118.4(5) C(65)-C(66)-C(67) 118.4(7) 
C(22)-C(21 )-C(5) 121.3(5) C(66)-C(67)-C(62) 121.2(6) 
C(26)-C(21)-C(5) 120.2(5) C(4)-N(l)-C(l) 106.1(3) 
C(21)-C(22)-C(23) 119.8(6) C(4)-N(l)-Rh(l) 127.2(3) 
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Figure 5a. ORTEP of complex C6H5Rh(ttp) (5), showing the atomic labeling 
scheme and 30 % probability displacement ellipsoids. 
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Figure 5b. The conformations of porphyrins in, 5， showing the 
displacement of the core atoms and of Rh from the 24-atom 
least squares plane of porphyrin core (in pm; negative values 
correspond to displacement towards the benzyl or phenyl 
ligands). Absolute values of the angles between pyrrole rings 
and least-squares plane and angles between tolyl substituents 
and the least-squares plane are shown in bold. 
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Table 9. Crystal Data and Structure Refinement for 5 
Identification code pfc330.1 
Empirical formula C54 H41 N4 Rh 
Formula weight 848.82 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Triclinic, PI 
Unit cell dimensions a = 10.870 (2) A alpha = 112.69 (3)� 
b = 14.524 (3) A beta = 94.35(3)0 
c = 15.669 � A gamma = 107.37 (3)� 
Volume 2126 (7)入3 
Z, Calculated density 2, 1.326 Mg/m^ 
Absorption coefficient 0.444 mm"' 
F(OOO) 876 
Crystal size 0.30 x 0.20 x 0.10mm 
Theta range for data collection 1.63 to 25.37° 
Limiting indices -13<=h<=12, 0<=k<=17, -18<=1<=16 
Reflections collected / unique 6630 / 6630 [R(int) = 0.0000] 
Completeness to theta 84.9 % 
Absorption correction ABSCOR 
Max. and min. transmission 0.9570 and 0.8784 
Refinement method Full-matrix least-squares on F^ 
Data / restraints / parameters 6630 / 0 / 532 
Goodness-of-fit on F^ 1.088 
Final R indices [I>2sigma(I)] R1 = 0.0496, wR2 = 0.1409 
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R indices (all data) R1 = 0.0541, wR2 = 0.1409 
Largest diff. peak and hole 0.343 and -0.893 e.A"^ 
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Table 10. Bond Lengths [A] and Angles [deg] for 5 
Rh(l)-C(61) 2.033(4) C(33)-C(34) 1.374(8) 
Rh(l)-N(l) 2.039(3) C(34)-C(35) 1.366(7) 
Rh(l)-N(3) 2.040(4) C(34)-C(37) 1.543(7) 
Rh(l)-N(2) 2.047(3) C(35)-C(36) 1.407(7) 
Rh � - N ( 4 ) 2.051(3) C(41)-C(46) 1.384(6) 
N(l ) -C(l ) 1.384(5) C(41)-C(42) 1.402(6) 
N(l)-C(4) 1.399(5) C(42)-C(43) 1.395(6) 
N(2)-C(9) 1.399(6) C(43)-C(44) 1.384(7) 
N(2)-C(6) 1.401(5) C(44)-C(45) 1.384(7) 
N(3)-C(14) 1.393(5) C(44)-C(47) 1.544(7) 
N(3)-C(l l ) 1.394(5) C(45)-C(46) 1.404(6) 
N(4)-C(16) 1.391(5) C(51)-C(52) 1.397(6) 
N(4)-C(19) 1.397(5) C(51)-C(56) 1.406(6) 
C � - C ( 2 0 ) 1.421(6) C(52)-C(53) 1.404(6) 
C(l)-C(2) 1.442(6) C(53)-C(54) 1.389(7) 
C � - C ( 3 ) 1.360(6) C(54)-C(55) 1.383(7) 
C(3)-C � 1.450(6) C(54)-C(57) 1.523(7) 
C(4)-C(5) 1.416(6) C(55)-C(56) 1.401(7) 
C(5)-C(6) 1.406(6) C(61)-C(66) 1.396(6) 
C(5)-C(21) 1.515(5) C(61)-C(62) 1.413(6) 
C(6)-C(7) 1.457(6) C(62)-C(63) 1.406(7) 
C(7)-C(8) 1.349(6) C(63)-C(64) 1.383(7) 
C(8)-C(9) 1.454(6) C(64)-C(65) 1.372(7) 
C(9)-C(10) 1.401(6) C(65)-C(66) 1.406(6) 
C(10)-C(l l) 1.407(6) 
C(10)-C(31) 1.518(6) C(61)-Rh(l)-N(l) 94.49(15) 
C(l l )-C(12) 1.444(6) C(61)-Rh � - N ( 3 ) 93.22(15) 
C(12)-C(13) 1.357(6) N � - R h � - N ( 3 ) 172.29(12) 
C(13)-C(14) 1.449(6) C(61)-Rh � - N ( 2 ) 90.73(15) 
C(14)-C(15) 1.422(6) N(l)-Rh � - N ( 2 ) 90.26(14) 
C(15)-C(16) 1.402(6) N(3)-Rh � - N ( 2 ) 89.71(14) 
C(15)-C(41) 1.512(5) C(61)-Rh(l)-N(4) 90.86(15) 
C(16)-C(17) 1.457(6) N(l)-Rh � - N ( 4 ) 89.53(14) 
C(17)-C(18) 1.355(6) N(3)-Rh(l)-N(4) 90.28(14) 
C(18)-C(19) 1.445(6) N(2)-Rh(l)-N(4) 178.40(12) 
C(19)-C(20) 1.405(6) C(l)-N(l)-C(4) 106.9(3) 
C(20)-C(51) 1.508(6) C(l ) -N(l) -Rh(l ) 126.8(3) 
C(21)-C(26) 1.387(6) C � - N ( l ) - R h ( l ) 126.1(3) 
C(2� ) -C(22) 1.403(6) C(9)-N(2)-C(6) 106.9(3) 
C(22)-C(23) 1.392(7) C(9)-N(2)-Rh(l) 125.9(3) 
C(23)-C(24) 1.379(7) C(6)-N(2)-Rh(l) 125.5(3) 
C(24)-C(25) 1.388(8) C(14)-N(3)-C(l 1) 106.6(3) 
C(24)-C(27) 1.554(7) C(14)-N(3)-Rh(l) 126.5(3) 
C(25)-C(26) 1.424(6) C(11)-N(3)-Rh(l) 126.6(3) 
C(31)-C(32) 1.371(6) C(16)-N(4)-C(19) 107.2(3) 
C(31)-C(36) 1.399(7) C(16)-N(4)-Rh(l) 125.6(3) 
C(32)-C(33) 1.395(7) C(19)-N(4)-Rh(l) 125.6(3) 
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N( 1 )-C( 1 )-C(20) 125.4(4) C(23)-C(22)-C(21) 121.6(4) 
N(l)-C(l)-C(2) 109.1(3) C(24)-C(23)-C(22) 120.8(5) 
C(20)-C(l)-C(2) 125.4(4) C(23)-C(24)-C(25) 118.5(4) 
C(3)-C(2)-C(l) 107.9(4) C(23)-C(24)-C(27) 120.3(6) 
C(2)-C(3)-C(4) 107.3(4) C(25)-C(24)-C(27) 121.2(6) 
N(l)-C(4)-C(5) 125.5(4) C(24)-C(25)-C(26) 121.2(5) 
N(l)-C(4)-C(3) 108.5(3) C(21)-C(26)-C(25) 119.8(4) 
C(5)-C(4)-C(3) 125.9(4) C(32)-C(31)-C(36) 117.7(4) 
C(6)-C(5)-C � 124.2(4) C(32)-C(31)-C(IO) 121.1(4) 
C(6)-C(5)-C(21) 118.4(4) C(36)-C(31 )-C( 10) 121.3(4) 
C(4)-C(5)-C(21) 117.3(4) C(31)-C(32)-C(33) 121.1(5) 
N(2)-C(6)-C(5) 125.4(4) C(34)-C(33)-C(32) 121.9(5) 
N(2)-C(6)-C(7) 108.6(4) C(35)-C(34)-C(33) 117.4(5) 
C(5)-C(6)-C(7) 126.0(4) C(35)-C(34)-C(37) 121.1(6) 
C(8)-C(7)-C(6) 107.8(4) C(33)-C(34)-C(37) 121.5(5) 
C(7)-C(8)-C(9) 108.2(4) C(34)-C(35)-C(36) 121.9(5) 
N � - C ( 9 ) - C ( 1 0 ) 125.3(4) C(31)-C(36)-C(35) 120.0(5) 
N(2)-C(9)-C(8) 108.5(4) C(46)-C(41)-C(42) 117.9(4) 
C( 10)-C(9)-C(8) 126.2(4) C(46)-C(41 )-C( 15) 120.9(4) 
C(9)-C(10)-C(l 1) 124.3(4) C(42)-C(41)-C(15) 121.1(4) 
C(9)-C(10)-C(31) 117.3(4) C(43)-C(42)-C(41) 120.9(4) 
C( 11 )-C( 10)-C(31) 118.4(4) C(44)-C(43)-C(42) 121.1(4) 
N(3)-C(l I)-C(IO) 125.7(4) C(45)-C(44)-C(43) 118.2(4) 
N(3)-C(ll)-C(12) 109.0(4) C(45)-C(44)-C(47) 121.2(5) 
C(10)-C(l 1)-C(12) 125.2(4) C(43)-C(44)-C(47) 120.5(5) 
C(13)-C(12)-C(l 1) 107.9(4) C(44)-C(45)-C(46) 121.3(5) 
C( 12)-C( 13)-C( 14) 107.3(4) C(41 )-C(46)-C(45) 120.7(4) 
N(3)-C( 14)-C( 15) 125.2(4) C(52)-C(51 )-C(56) 116.9(4) 
N(3)-C( 14)-C( 13) 109.1(3) C(52)-C(51 )-C(20) 121.6(4) 
C(15)-C(14)-C(13) 125.6(4) C(56)-C(51)-C(20) 121.5(4) 
C(16)-C(15)-C(14) 124.5(4) C(51)-C(52)-C(53) 120.8(4) 
C(16)-C(15)-C(41) 118.8(4) C(54)-C(53)-C(52) 121.8(4) 
C(14)-C(15)-C(41) 116.7(4) C(55)-C(54)-C(53) 117.6(4) 
N(4)-C( 16)-C( 15) 125.9(4) C(55)-C(54)-C(57) 120.8(5) 
N(4)-C(16)-C(17) 108.2 � C(53)-C(54)-C(57) 121.6(5) 
C( 15)-C( 16)-C( 17) 126.0(4) C(54)-C(55)-C(56) 121.3(5) 
C(18)-C(17)-C(16) 108.2(4) C(55)-C(56)-C(51) 121.4(5) 
C(17)-C(18)-C(19) 107.5(4) C(66)-C(61)-C(62) 117.6(4) 
N(4)-C(19)-C(20) 125.3(4) C(66)-C(61)-Rh(l) 121.3(3) 
N(4)-C( 19)-C( 18) 108.9(4) C(62)-C(61 )-Rh( 1) 121.1(3) 
C(20)-C( 19)-C( 18) 125.7(4) C(63)-C(62)-C(61) 120.2(5) 
C( 19)-C(20)-C(l) 123.7(4) C(64)-C(63)-C(62) 121.3(5) 
C(19)-C(20)-C(51) 118.3(4) C(65)-C(64)-C(63) 118.8(5) 
C(l)-C(20)-C(51) 118.0(4) C(64)-C(65)-C(66) 121.2(5) 





Figure 6a. ORTEP of complex 4-FC6H4Rh(ttp) (6a), showing the atomic labeling 
scheme and 30 % probability displacement ellipsoids. 
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Figure 6b. The conformations of porphyrins in, 6a, showing the 
displacement of the core atoms and of Rh from the 24-atom 
least squares plane of porphyrin core (in pm; negative values 
correspond to displacement towards the benzyl or phenyl 
ligands). Absolute values of the angles between pyrrole rings 
and least-squares plane and angles between tolyl substituents 
and the least-squares plane are shown in bold. 
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Table 11. Crystal Data and Structure Refinement for 6a 
Identification code pfc585 
Empirical formula C55 H42 C12 FN4 Rh 
Formula weight 951.74 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Monoclinic, P2(l)/n 
Unit cell dimensions a = 15.559 (7) A alpha = 90° 
b = 19.099 (8) A beta = 106.061(9)� 
c= 15.695 (7) A gamma = 90° 
Volume 4482 (3) A^ 
Z, Calculated density 4，1.410 Mg/m^ 
Absorption coefficient 0.547 mm'' 
F(OOO) 1952 
Crystal size 0.50 x 0.40 x 0.20 mm 
Theta range for data collection 1.63 to 25.00° 
Limiting indices -13<=h<=18, -22<=k<=22, -18<=1<=18 
Reflections collected / unique 23993 / 7891 [R(int) = 0.0423] 
Completeness to theta 99.8 % 
Absorption correction SADABS 
Max. and min. transmission 1.000 and 0.726576 
Ref inement method Full-matrix least-squares on F^ 
Data / restraints / parameters 6630 / 0 / 532 
Goodness-of-fit on F^ 1.045 
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Final R indices [I>2sigma(I)] R1 = 0.0710，wR2 = 0.1944 
R indices (all data) R1 = 0.0945, wR2 = 0.2220 
Largest diff. peak and hole 2.695 and-1.341 e.A"^ 
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Table 12. Bond Lengths [A] and Angles [deg] for 6a 
Rh(l)-C(61) 1.979(7) C(32)-C(33) 1.371(11) 
Rh( l ) -N( l ) 2.000(5) C(33)-C(34) 1.353(13) 
Rh(l)-N(4) 2.015(5) C(34)-C(35) 1.365(14) 
Rh � - N ( 3 ) 2.016(6) C(34)-C(37) 1.510(10) 
Rh � - N ( 2 ) 2.017(5) C(35)-C(36) 1.378(12) 
N( l ) -C( l ) 1.370(8) C(41)-C(46) 1.368(10) 
N(l)-C(4) 1.376(8) C(41)-C(42) 1.391(11) 
N(2)-C(6) 1.366(9) C(42)-C(43) 1.379(12) 
N(2)-C(9) 1.373(8) C(43)-C(44) 1.356(13) 
N(3)-C(14) 1.370(9) C(44)-C(45) 1.364(13) 
N(3) -C( l l ) 1.374(8) C(44)-C(47) 1.509(12) 
N(4)-C(19) 1.375(8) C(45)-C(46) 1.390(11) 
N(4)-C(16) 1.384(8) C(51)-C(56) 1.375(10) 
C(l)-C(20) 1.404(9) C(51)-C(52) 1.388(10) 
C(l)-C(2) 1.433(10) C(52)-C(53) 1.384(10) 
C(2)-C(3) 1.340(10) C(53)-C(54) 1.365(12) 
C(3)-C(4) 1.431(9) C(54)-C(55) 1.385(12) 
C(4)-C(5) 1.413(9) C(54)-C(57) 1.500(10) 
C(5)-C(6) 1.397(9) C(55)-C(56) 1.384(10) 
C(5)-C(21) 1.496(9) C(61)-C(62) 1.383(10) 
C(6)-C(7) 1.439(9) C(61)-C(66) 1.389(10) 
C(7)-C(8) 1.335(10) C(62)-C(63) 1.380(11) 
C(8)-C(9) 1.441(10) C(63)-C(64) 1.365(11) 
C(9)-C(10) 1.385(10) C(64)-C(65) 1.353(11) 
C(10) -C( l l ) 1.389(10) C(64)-F(l) 1.743(8) 
C(10)-C(31) 1.509(9) C(65)-C(66) 1.390(11) 
C(l l ) -C(12) 1.434(10) C(71)-C1(2) 1.810(10) 
C(12)-C(13) 1.326(11) C(71)-C1(1) 1.826(10) 
C(13)-C(14) 1.436(10) 
C(14)-C(15) 1.407(10) C(61)-Rh � - N ( l ) 92.7(2) 
C(15)-C(16) 1.383(9) C(61)-Rh(l)-N(4) 87.6(2) 
C(15)-C(41) 1.493(9) N(l ) -Rh � - N ( 4 ) 90.5(2) 
C(16)-C(17) 1.428(9) C(61)-Rh(l)-N(3) 95.2(2) 
C(17)-C(18) 1.343(10) N( l ) -Rh � - N ( 3 ) 172.1(2) 
C(18)-C(19) 1.434(9) N(4)-Rh � - N ( 3 ) 89.8(2) 
C(19)-C(20) 1.385(9) C(61)-Rh(l)-N(2) 91.6(2) 
C(20)-C(51) 1.501(9) N( l ) -Rh( l ) -N(2) 89.5(2) 
C(21)-C(26) 1.362(10) N(4)-Rh � - N ( 2 ) 179.2(2) 
C(21)-C(22) 1.400(10) N(3)-Rh(l)-N(2) 90.3(2) 
C(22)-C(23) 1.360(10) C( l ) -N(l ) -C(4) 106.2(5) 
C(23)-C(24) 1.389(11) C( l ) -N( l ) -Rh( l ) 126.4(4) 
C(24)-C(25) 1.385(1 1) C(4)-N � - R h ( l ) 127.5(4) 
C(24)-C(27) 1.512(11) C(6)-N(2)-C(9) 106.4(5) 
C(25)-C(26) 1.378(10) C(6)-N(2)-Rh(l) 126.3(4) 
C(31)-C(36) 1.370(12) C(9)-N(2)-Rh(l) 126.3(5) 
C(31)-C(32) 1.371(11) C(14)-N(3)-C(l l ) 106.8(6) 
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C(11)-N(3)-Rh(l) 126.4(5) C(19)-C(20)-C(51) 117.9(6) 
C(19)-N(4)-C(16) 106.3(5) C(l)-C(20)-C(51) 117.5(6) 
C( 19)-N(4)-Rh( 1) 125.7(4) C(26)-C(21 )-C(22) 117.2(7) 
C(16)-N(4)-Rh(l) 126.7(4) C(26)-C(21)-C(5) 123.4(6) 
N(l)-C(l)-C(20) 125.0(6) C(22)-C(21)-C(5) 119.4(6) 
N(l)-C(l)-C(2) 109.3(6) C(23)-C(22)-C(21) 121.1(7) 
C(20)-C( 1 )-C(2) 125.4(6) C(22)-C(23)-C(24) 121.5(7) 
C(3)-C(2)-C(l) 107.5(6) C(25)-C(24)-C(23) 117.4(7) 
C(2)-C(3)-C(4) 107.2(6) C(25)-C(24)-C(27) 121.3(8) 
N � - C ( 4 ) - C ( 5 ) 124.5(6) C(23)-C(24)-C(27) 121.3(8) 
N(l)-C(4)-C(3) 109.4(6) C(26)-C(25)-C(24) 120.5(7) 
C(5)-C(4)-C(3) 125.5(6) C(21)-C(26)-C(25) 122.3(7) 
C(6)-C(5)-C(4) 123.3(6) C(36)-C(31)-C(32) 116.9(7) 
C(6)-C(5)-C(21) 117.8(6) C(36)-C(31 )-C( 10) 122.2(7) 
C(4)-C(5)-C(21) 118.6(6) C(32)-C(31)-C(10) 120.8(7) 
N � - C ( 6 ) - C ( 5 ) 125.6(6) C(33)-C(32)-C(31) 121.4(8) 
N(2)-C(6)-C(7) 109.6(6) C(34)-C(33)-C(32) 121.9(9) 
C(5)-C(6)-C(7) 124.6(6) C(33)-C(34)-C(35) 117.2(7) 
C(8)-C(7)-C(6) 107.4(6) C(33)-C(34)-C(37) 122.6(9) 
C(7)-C(8)-C(9) 107.3(6) C(35)-C(34)-C(37) 120.2(9) 
N(2)-C(9)-C( 10) 125.4(6) C(34)-C(3 5)-C(36) 121.6(9) 
N(2)-C(9)-C(8) 109.3(6) C(31)-C(36)-C(35) 121.0(9) 
C(10)-C(9)-C(8) 125.3(6) C(46)-C(41)-C(42) 117.7(7) 
C(9)-C( 10)-C( 11) 125.1(6) C(46)-C(41 )-C( 15) 121.2(7) 
C(9)-C( 10)-C(31) 117.1(6) C(42)-C(41 )-C( 15) 121.1(7) 
C(11)-C(10)-C(31) 117.8(6) C(43)-C(42)-C(41) 120.2(8) 
N(3)-C(l I)-C(IO) 125.6(6) C(44)-C(43)-C(42) 122.1(9) 
N(3)-C(ll)-C(12) 108.2(6) C(43)-C(44)-C(45) 117.9(8) 
C(10)-C(l 1)-C(12) 126.2(6) C(43)-C(44)-C(47) 120.4(10) 
C( 13)-C( 12)-C( 11) 108.8(7) C(45)-C(44)-C(47) 121.7(10) 
C( 12)-C( 13)-C( 14) 106.8(7) C(44)-C(45)-C(46) 121.3(8) 
N(3)-C( 14)-C( 15) 125.8(6) C(41 )-C(46)-C(45) 120.9(8) 
N(3)-C(14)-C(13) 109.5(6) C(56)-C(51 )-C(52) 118.6(6) 
C(15)-C(14)-C(13) 124.6(7) C(56)-C(51)-C(20) 119.4(6) 
C( 16)-C( 15)-C( 14) 124.2(6) C(52)-C(51 )-C(20) 121.9(6) 
C( 16)-C( 15)-C(41) 118.5(6) C(53)-C(52)-C(51) 120.0(7) 
C( 14)-C( 15)-C(41) 117.3(6) C(54)-C(53)-C(52) 122.0(8) 
C(15)-C(16)-N(4) 125.3(6) C(53)-C(54)-C(55) 117.5(7) 
C( 15)-C( 16)-C( 17) 125.6(6) C(53)-C(54)-C(57) 121.7(8) 
N(4)-C( 16)-C( 17) 109.1 (6) C(55)-C(54)-C(57) 120.9(8) 
C(18)-C(17)-C(16) 107.8(6) C(56)-C(55)-C(54) 121.6(8) 
C(17)-C(18)-C(19) 107.4(6) C(51 )-C(56)-C(55) 120.3(7) 
N(4)-C(19)-C(20) 125.1(6) C(62)-C(61)-C(66) 117.5(6) 
N(4)-C( 19)-C( 18) 109.4(6) C(62)-C(61 )-Rh( 1) 121.5(5) 
C(20)-C( 19)-C( 18) 125.5(6) C(66)-C(61 )-Rh( 1) 120.9(5) 
C( 19)-C(20)-C( 1) 124.6(6) C(63)-C(62)-C(61) 121.6(7) 
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^ K n AQ 0 .6456372 sec 
C 1 r > AG 1024 
V ' - S y ' - ' S . / OM 16.650 usee 
丄 DE 23.79 usee 
TE 297.2 K 
L I D1 1.00000000 sec 
J ^ MCREST 0.00000000 sec 
‘ HCWRK 0.01500000 sec 
Rh(Up)H (la) 
•…•…CHA N N E L (1 •••••••• 
NUCl IH 
PI 9.00 usee 
PLl -2.00 06 
SFOl 300.1312000 HHz 
F2 - Processing parameters 
, SI 32768 
SF 300.1300317 HHz 
HDH EH 
SSB 0 
LB 0.30 Hz 
GB 0 
PC 1.00 
ID NMR plot paraneters 
„ CX 22.00 Cfl 
j y / u i i . I . j a j u j l . l , CY 20.00 c« 
^ I II •'•"I^  • • • I _ A’ _ flP 10.000 ppa 
人 八 �！p 二 pp« 
« ^^ SI I M fo) F2 -12305.33 HZ 
J § 2 S S S ffi Si ppmcm 2.31Bie pp»/c_ 
C r-^  V W rn V oi ^ HZCM 695.75598 Hl/cm 
_ 125 
叩 m 5 0 丨剛•“删 I -"5""" ' " " T o " 1 5 " """""To "T5" -30 -35 -So" 
iDiDcncDcninr^ 'srr^ cn m o m v 
E f^gSSSSSlSl^!? S 5 § £ ^ I'Z'"' Data P 厂 a NAME HMctp) He QGDCOCDCDCDCD 卜卜卜卜 � “ O lO lO EXPW) 1 
'\j — ‘ 




I PA08H0 5 M BBQ BBMH 
JL PULPflOG zg I ^ TO 32768 
SOLVENT CDC 13 
J NS 16 ds 0 
V - N S ^ J n V SMH 8998.606 Hz / \J/ \ FIDRES 0.274439 Hz 
\ / \ / aq 丨.82丨 9508 sec 
N - n AG 1024 
0« 55.600 usee 
^ OE 79.43 usee 
TE 296.2 K 
r J D1 1.00000000 sec 
KCREST 0.00000000 sec 
I MCWRK 0.01500000 sec 
Rh(ttp}Me (1b) •…•…CH賺L ri 
NUCl IH 
PI 9.0Q usee 
PLi -2.00 ae 
SfOl 300.1312000 MH2 
F2 - Processing paraiteters 
SI 33766 
SF 300.1300059 HHZ 
HDH EM 
SSB 0 
LB 0.30 Hz 
GB 0 
L PC 1.00 
I ID NMR plot paraaeters 
K CX 22.00 » 
\ j\ J J , J , CY 10.00 c , 
— ^ 口 ) ^ J L FJP 10.000 pp. 
/ \ \ \ \ F2P -6.000 ppn 
— o f-1 LO) cn in (fr, F2 -1800.78 Hz 
^ § S P Si ？i S! PPMCM 0.72727 pp./c. 
？ (I； V m rv" oi r j HZCM 218 ,27637 Hi/cm 
h 丨 — 
• " I ••• M 11 • • I " • 11 • I • "''I'" 'I'l • V, • • i"_ • 11'• • • I • • • 11 • • " • • • I " I " • • • 11 " • • • • • I • " • I " " • r'M'11 • 111 " 11 r| f TT" 1111" 11 M•  1111" " " rT 11 M " • n'「rrrnTrrT11111 M 1111 
ppm 8 6 4 2 0 - 2 - 4 
Rh (ttp)已r 
^ ！^  ti^  S S ? S g ^ 8 Current Data Parameters 
g, <J) -r^  o in IT) f\J f^  对 O NAME PFC215.2 
m CD CD r^ r^ r^ ru ^ o EXPW} 1 
M i l l PROCNO 1 




PROBHD 5 nn BBO BB-IH 
I PliLPROG zg 
^ ^ TO 3276B 
I J SOLVENT C0C13 
J US 32 
OS 0 
Br » 7 SKH 8992.806 HZ 
/ \ f / "A y FIDRES 0.274439 Hi 
7—\ / — AO 1.6219508 sec 
V { R6 812.7 
OH 55.600 usee 
I OE 79.43 usee 
TE 297.2 K 
L J D1 1.00000000 sec 
HCREST 0.00000000 sec 




PI 9.00 usee 
PLI -2.00 de 
SFOl 300.1312000 KHz 
F2 - Processing parameters 
SI 3276B 
. SF 300.1300069 HH2 
WDM EM 
SSB 0 
I LB 0.30 HZ 
PC 1.00 
10 NMR plot parameters 
j CX 22.00 c_ / \ J J y V J CY 10.00 ca 
^ ^ I 认 ^ ^ ^ ^ FIP 10.000 ppn 
八 八 八 \ F2P -6.000 ppn 
o) fr^ l r^ ) (id) F2 -1800.78 Hz 
0 o Pi m S PPMCM 0.72727 ppn/ci 
1 cd m CO oi HZCM 218.27637 Hz/cm 
— “ 126 
I I " 11 111 " TI-]T I RI TI N 11 TI IT RI 111 [ 111 [ 11111 RRRTTTTTRRPTRM 111 1111 N II 11 [ 1111111111 I N I I 11 11111111111111 111 N 11 T ] M 111 II N 11 I N T I rt 11 M 111 rw-R T T 11 T I M I ] 
PPn> 8 6 4 2 0 - 2 - 4 
Current Data Parameters 
NAME PfCRMttp 丨 Br( 
EXPKD 1 
03 n OD m CD (£> m cn lo � PflOCW) 1 inrntoo)卜—卜 oomm co 
g ID CO CT> o CD CD iD r^ ro cn co 
a m r^ V T^• rv； r^ (-： 卜• r： iri — F2 - Acquisition Parameters 
以 V ro m m m (\j a j r^ 卜 卜 oj Ddte_ 20060712 
k kV } ) INSTRUM dpx300 
\ / f Y PROSHO 5 OMB BBO BB-IH 
‘ P U L P R 0 6 zgdc 
TD 65536 
F J SOLVENT C0C13 
^ ^ NS 1B155 
DS 0 
R SHH 22675.736 HZ 
_ _ _ _ FIOfiES 0.346004 Hz 
—/ V - / Rh V - / > - - AQ 1.4451168 see 
/ \ / RG 9195.2 
d 1 > OH 22.050 usee 
OE 6.00 usee 
J . TE 0.0 K 
[ I D丨 1.00000000 sec 
dll 0.03000000 sec 
1 MCflEST 0.00000000 sec 
Rh<np)Br(U丨 似 耿 0.01500000 sec 
- CHAWEL fi • … • … 
NUC丨 13C 
PI 3.00 usee 
PLl -6.00 dB 




PCPD2 100.00 usee 
PL2 120.00 OB 
PL12 19.00 dB 
SF02 300.1315007 MHz 
F2 - Processing paraiwters 
SI 65536 
SF 75.467723B HHz 
WON EH 
SSB 0 
LB 3.00 HI 
GB 0 
J PC 1.40 
tiA^yV^M^w^^Vwu^^^JKO^r^SMX^NAtfHVMi^S^t^wAitf-fcl-^^ii^w^^lo^NiiV^iOOiWo^io u m plot paraneters 
CX 23.00 c_ 
CY 20.00 cm 
FIP 220.000 PPM 
Fl 16602.90 Hi 
F2P -40,000 ppm 
「I I I I I I I > r t' I 'i"i "i >• V I • |-、T >、."Tl"IT-f i''»' I I I I I I I I f 1 1 I 1 I I 1 I I f 1 I' I T' 1 T 1' t') "t'l '1'rT"l"l t I I I 1 I 1 I 1 Tl 1 I I I M 1 'T T 1' I I 1 M T I I I I I I I I M I T > 1 I F TTT Tl T T' I > I I I 1 I I I 'l"l' I 1 l"L^  3018 .71 HZ 
• • • I • I I i I I I I ' ppuru 11 VMVi nnm/rm 
_ . 200 180 150 H O 120 100 80 60 40 20 0 -20 HZCM 853：^334 
Rh (ttp) I 
i£io>roincn 对 or-»rn 朽 xr m o c\j o co 
s g § S § § § current D m Psrapeters 
§ cd oi cd <D ai r.' ~ ” o o o o 二【。【,a[cu«’ 
W ^ - ‘ 
I i l l 1 F2 - Acquisition Paraneters 
Date. 20050510 
T U e 9.25 
INSTRUM opxaoo 
PROBHO 5 nn BBO BB-IH 
I PULPflOG zg 
TD 32768 
I J SOLVENT CDC13 丫 NS 32 
/ V N A 的 0 
I » 7 SHH 6932.BOB Hz 
J— \ N T / \ FI ORES 0.274439 HZ 
\ / \ _ / A Q 1.6219508 sec 
KN AG 1024 
OH 55.600 usee 
DE 79.43 usee 
> N TE 297.2 K 
L J 01 1.00000000 sec 
J ^ MCREST O.OOOOOOOO sec 




PI 5.00 usee 
PLl -2,00 dB 
SFOl 300.1312000 MHz 
F2 - Processing parameters 
SI 3276B 
SF 300,1300054 MHz 
m EH 
SSB 0 
I LB 0.30 HZ 
I GB 0 
PC 1.00 
j| I ID NMR plot parameters 
I [I CX 22.00 CI 
- ~ L J U U L — ^ L w l 工 丨二二 
J I I Fl 3001.30 H2 
\ F2P -6.000 ppm 
•5 o r- 丨OT F2 -1B00.7B HZ 
5 o m m ru PPMCM 0.72727 ppm/« 
I CO ro h： c\i H2CH 218.27637 Hz/cm 
^ — 127 
‘ 'T'l I > 111 11 11 IJI 11111 11»I I n 1111 111 M t FI 111 111111111 n J n M 11 U I >-n I n n 1 > J 11 M 11»I ITTTFI M I I I-] T rn n I I M 11 > 1111 »• 111 IT I N in 111 n I n T I { 
叩 nt 8 6 A 2 0 - 2 - 4 
" • " " O v v r ^ r n i D t D C T i o j r o r u — ir> « -^i cniDr-- ru o o f^ 臂 to 
c n h v r s s i n " < T ' « - « o c D i n ' 5 r c \ j c D U 3 f \ J o c D a i t O ' « T O id 3 o oj in cvj oj ^ o ^ <•-» cd 01 Current Data Parameters 
e i o i D o o o o o O T i n i n i n c u c N j ' s r ' ^ r m c D C D c o m cn cn m 0 0 0 0 0 r^ . ' ' ® 
. . . . . , NAHc PFClJ/. 1 
Q C D a 3 C D D 0 C D C 0 C D r " " » h f - - r - - r - - r - - U D i D i D i r ) i j n m i r ) OJ nj r\j 0 0 0 0 0 rn rn EXPNO 1 
f V _ � ‘ 
1 11 I I I B 1 I I II I F 2 - Acquisition Parameters 
Date. 20050201 
T m e 9.17 
iHSTfluM apxaoo 
I PROBHD 5 nn BBO 6B~1H 
PUt-PRDG 2g 
1 ^ 7 7 TO 32768 
SOLVENT C0C13 
OS '0 
/ H - J SMH 6993.806 Hz 
pff \ FIOfiES 0.274439 HZ 
V / \ / > _ _ / AQ 1.821960B sec 
N - i RG 1149.4 
DH 55.600 usee 
T 0£ 79.43 usee 
i ^ N TE 0.0 K 
I ^ J 01 1.00000000 sec 
HCREST 0.00000000 sec 
MCKHK 0.01500000 sec 
Rh(tlp>Bn (2B) 
•…•…CHA N N E L fl … • • … 
NUCl IH 
PI 5.00 usee 
PL I -2.00 ae 
SFOl 300.1312000 KHz 





LB 0.30 HZ 
GB 0 
PC 1.00 
10 NMfl plot paraseters 
J I CX 22.00 en 
n 1 I I [ CY 30.00 CR 
J l ^ U J U U - u -v.—'wV J ^ u U ^ FIP 10.000 叩霧 
八八八 A A H \ A - 3 � = . 
- o fin r-Vcn) o l n M i d ] h A F2 -1800.78 Hz 
§ rn 2 2 2 S ？ 5 PPMCM 0.72727 pp./cn 
I m U-' m - rJ c>； nj rv： HZCH 218.27637 Hz/c« 
p I • 11 • I • 11 iTTTn-rrrjTTi ri 111 r r rrrn t rri�】• 1 -iTi.ri -n ttt" riii n pTi 1 m 1 m m 11 n 1 t | r，，-rT 1 • 11 • • ，1 m m 1 11 • 11 •»1 • • m > " ，• • ii • | -，• ri 1 m r” 1 _•，1  _ 11 'it p_n- n 111 n 1 r I'i'i 11111 
ppm 8 6 A 2 0 - 2 - 4 
Rh ( t t p ) C 6 H 4 C H 3 
_ ^ L D i D m r \ j « r ^ o c n ^ c \ j O L n m ru oi cq m ^ rv c o c o i n o o Current Data Parameters 
e r v o o o o o o a i i n i n i n f \ j c \ j ua in id m m o ！i-ME PFC215 1 
c i o Q c o c D c o c o c D C D p v r s r ^ r v r N h N 'q- ru ^ - - t -r-» 0 0 0 0 0 EXPNO • \ 
V V " M y _ � ’ 




PflOBHO 5 nn BBO BB-IH 
I PH PULPAOG zg 
X 一 ~ TD 32766 
[ J SOLVENT CDC13 
OS 0 
\ T T > SKH 8992,806 Hz 
Y—Y / \ FIORES 0.274439 HZ 
— 〈 y - { Rh V - / i— AQ 1.8219606 sec ^ \ J U RG 812.7 
4 J, DM 55.600 usee 
OE 79.43 usee 
TE 296.2 K 
r J 01 1.00000000 sec 
HCREST 0.00000000 sec 




PI 9.00 usee 
PLl -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing parameters 
SI 32768 
SF 300.丨300065 MHz 
WDH EM 
SSB 0 
LB 0.30 HZ 
GB 0 
I PC 1.00 
10 NMfl plot psratieters 
I I CX 22.00 CH 
/ I / I I I CY 10.00 c , 
• j、—— A ^ L V L N \ FIP 10.000 ppn 
l\ l\ l\ 八 八 
o m ( H fcnl v l frvi] F2 -1600 78 Hz 
^ o m ° o ci o g PPMCM 0.72727 pp./cn 
I ai cd cd oi oi m a； HZCH 218.27637 Hz/c« 
— 一 1 2 8 
" ' ' ' ' • ' • " ' " " 1 ' • {I I t M I M {11 I I n 11 I u [ 1 u 11 111 I M I H M 1111 u 111 n I n I I 11 m 1111 111 1 t n 11 u n 
ppm 8 6 A 2 0 - 2 - 4 
臂 a D c D r > « c r ) ^ ^ o r v o m r u i D C T ) t D i D C D m r \ j c D r « - f \ j c D r " v m c o i D o — o m r - s f N ^ Q O 
— Current Data Parameters 
NAME PFC471 
Q C O Q D C D C D C D C D c a a D C D c o 卜 r ^ r - 卜 卜 i n m q v 对 — — 0 0 0 0 0 0 0 0 0 0 0 ” 以p舶 1 




PROBHO 5 nn BBO BB-IH 
丄 PULPAOG 2g 
/—V TO 32768 I J i^CH, SOLVENT C6D6 
( ^ Y ' S x r OS '0 
V-fJ A^ SHH 6992.606 Hi 
/ ~ \ / \ / — \ FI ORES 0.274439 Hz 
‘ \ / \ / AO 1.6219506 sec 
S n 卜 K 邮 1024 
DN 55.600 usee 
OE 79.43 usee 
TE 0.0 K 
r J 01 1 . 0 0 0 0 0 0 0 0 sec 
MCREST 0.00000000 sec 
I MCWRK 0.01500000 sec 
Rh{rtpK3-4otyl)(2c) 
CHANNEL fl … • • … 
NUCl IH 
PI 5.00 usee 
1 PLl -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
Sf 300.1300062 HH2 
WDH EM 
SSB 0 
LB 0.30 Hz 
GB 0 
PC 1.00 
J U ^ ^ L . i l l . J l ^ u J U L i “ p i � t " ' I S c： 
•"丨丨4._丨丨1 丨__ 丨 丨 一 取 “ 丨 ' 丨 _丨丨丨L..... IIP - I- • r.ii-rn;. j . nxihii^iwi*, pip 10.000 ppi 
A 八 八 A A A 八八 - 二 二 
- (ol I^UJ cn^ fo cn] tDl M /V '•A F2 -1800.78 Hi 
^ 8 S g 2 gj：^ ！5 2 PPMCM 0.72727 pp./c. 
？ M W M ^ ^ RV； ^ - D HZCM 218.27637 H Z / « 
p. 11 • • I，1 I RF.i r rrT.n.r|.iTi. riTi r rrrn i.n t n p n it > 11 n n 11111 rr|"n~n.i n ri T T m i i r r r i T n m 111 u 1 1111111111 u m 11111 n n n r» {TT 1 r I'LI 1»1 n i n TITI [ 11 n M ITT> 111 n r n 1) 
p p m 8 6 A 2 0 - 2 -A 
Current Data Parameters 
NAME PFC 364 (Ci3) 
EXPNO 1 
• N O I N I D - ^ F U I O R - F ^ C O I D R N O rvj O) ID C \ I A J oo PADCF^O 1 »-<ocooc\iCD^iDvr\j^CT)o CD ifi n CD to • 
E 对 m inm — ojcnr-^r-cnif) — ID h-moi mm m 
g ( T ^ o ^ r v W — o； — o^i^.if^mcri— r^ . rs'ui — o o F 2 - Acquisition Parameters 
" ^ T f n r n r o n m m r v j n j f v i f u a j r u r^ r^ . r^ . ojoj Date 20060503 
V \ l I H r … � � H 
PULPROG 290c 
TD 65536 
1 SOLVENT C0C13 
I f l / " " V � NS 15727 
kJ OS 0 
T 厂 SHH 22675.736 Hz 
X y ^ - V X FIORES 0.346004 Hz 
^ V - r i AO 1.4451188 sec 
V r V AG 
\ / \ / \ / DH 22,050 usee 
OE 6.00 usee 
TE 0.0 K 
^ 01 丨.00000000 sec 
dll 0.03000000 sec 
[ J MCREST 0.00000000 sec 
^ ^ MCHRK 0.01600000 sec 
RfHUPX^ lac) CHANNEL fl 
Pi 3.00 usee 
PLl -6.00 dB 
SFOl 75.4745111 MHZ 
•…•…CH A N N E L f2 
CPDPfiG2 waltz 16 
NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 dB 
P U 2 19.00 OB 
SF02 300.1315007 MHz 
F2 - Processing parameters 
SI 65536 
SF 75.4677238 HHz 
WON EH 
SS9 0 
LB 3.00 HZ 
GB 0 
PC 1.40 
• .ALiX-Al^sii _一,_,_|»,1_| ,, M,__•,•__»»•似•>»“_»_i«»io urn plot parameters 
CX 23.00 Ci 
CY 12.00 cm 
FIP 220.000 ppn 
Fl ^ 
F2P -llTtJlJo ppn 
p - r T n • • • » I • I » • I I I t . I 1 I I • . . I I I I t I I I I 1 I I I ] I I I i t I I I I I I I I I t I I I t I I 1 I I I I I I I 1 I I [ I [ t 1 I I I 1 1 I I 1 I I 1 I I I i I I I [ I 1 I I I I I I I [ I I Up . 出 . 
n^n iHfi iBfi 140 iPn inn m Rn an ?n n -in ^Iv.Jr. ？ 
m o D c o o r ^ o c n o v o j o OJ CD RS OJ o m •«-• O o lo 
< ^ r ^ i i } i r } g } C T ! i D i n r ^ ( p i p f*} o G S P f^ ：：： S 山 卜 Current Data Parameters 
e ( D o o o o i c n o i i n i n n j C M cn cn r^ m o o o o 卜 h- .…— 
a • • • . . . . . . NAME PFC192.1 a CDCOCDQDH«.r^R^R>'rvr-.r^ in m m oj oj CM _ o o o o mm EXPHO I 




PfiOBHD 5 M BBO BB-IH 
1 PULPftOG zg f > r^ OMe TO 32766 
SOLVENT C0C13 
SHH 6992.606 Hz 
— f ~ \ _ J \ FIDflES 0.274439 Hz 
\ / \ i S — f AQ 1.8219506 sec 卜 H N - { AG 812.7 
QM 55.600 usee 
I OE 79.43 usee 
^Av TE 0.0 K 
r J 01 丨.00000000 sec 
MCHEST O.OOOOOOOO sec 
I KCHRK 0.01500000 sec 
4-MoOC«H,CH2Rh(np) (2d> CHANfiEL f 1 
NUCl IH 
PI 9.00 usee 
PLl -2.00 08 
SFOl 300.1312000 MHz 
F2 - Processing pardneters 
SI 32768 
SF 300.1300059 MHZ 
1 HON EM 
SS8 0 
I LB 0,30 Hz 
GB 0 
PC 1.00 
1卩 HMR plot paraaeters 
I I CX 22.00 en 
1 I 八 1 CY 20.00 en 
~ — A- U 、 乂 ^ U U — A FIP 10.000 ppi 
A / \ A A A M A - 二 二 
•； (ol fo ojlf^l [in foj o) Itt] F2 -1800.78 Hz 
Ji § f3 S 2 2 ^ PPMCM 0.72727 pp./c. 
I ra V oi c\； m (Xi ™ n] MZCM 2)8.27637 Hi/c. 
「I • I _ • »I • • • I • •»• • I • • I t n i I I t 111 n 111111 11 M rr「rrrrrrri i'> i r rrrrrn } > 111 n i n n 11111111 p i 111 n i ri i T rn 111»111 H I rmv » n 111 n i ] T r u mi T niTHTitTi 
ppm a 6 4 2 0 - 2 - 4 
Rh (ttp) (CH2C6H4C (CH3) 3) 
U D i n r ^ c D C M v o i n i f i t n t D a i ^ co o m o o • oj-^ eSggSSSSSKj^iQ gE5 S Si g ^ g 5 § 5 S current Data Parameters 
a . . • . . . NAME PFC150 
Q m c D C D O D c o c D c o r ^ r N • � r « » i n i n c\j oj ru ^ o o o o m cn E p ^ 
^ ^ ^ ^ ^ V y I … V 二。 ‘ 




PHOBHO 5 nn BBO BB-IH 
人 八 PUtPHOG iq 
I ] / V ' B U TO 32768 
SOLVENT CDC 13 - 0 
/ - N H^ SWH 8992.BOB Hi 
—/ y j rK \ J FIDflES 0.27409 Hz 
\ / \ AO 1,8219508 sec 
厂、 RG 645.1 
OH 55.600 usee 
1 DC 79.43 usee 
TE 297.2 K 
01 1.00000000 sec 
I MCREST 0.00000000 sec 
MCNRK 0.01600000 aec 
-^IBuCftH^ CHjRhdlp) (26) 
CHANNEL fl — 
HUa IH 
PI 5.00 usee 
PLl -2.00 dB 
SFOl 300.1312000 KHz 
F2 - ProcessjnQ parameters 
SI 32768 
I SF 300.1300073 HHz 
WOH EM 
SSB 0 
LB 0 30 HZ 
1 GB 0 
I PC 1.00 
ID NMR plot paraneters 
CX 22.00 cn 
1 I I I CY 20.00 CN 
1\_；LJ\^^^ ^ ^ ^ ^ U t u ^ U i A FIP 10.000 ppm 
A A A A /V\ A A 
O o r^L (LO) finlfn) UD) IJ\ F2 -1800.78 HZ 
^ § g S g S 另 g 二 PPMCM 0.72737 pp«/c. 
Z ad m CD ^ c \ i c \ i a i c\i H2CM 218.27537 Hz/cm 
— “ 130 
P ^ ‘ ‘ • T I N 11 I 1111 11 I U • J ‘ I • > > ‘ ‘ • ^ ‘ ‘ ‘ ‘ J ‘ • ‘ ‘ 1111111 11 M 11 N ] » R N I'LL 11 M H » M r I 11 M N 1 HTI 11 I N - r t I I I | M I I I M I T I M H I I N I I I I I I ITRRR I N ITTRNRI 
Ppm a 6 4 2 0 - 2 - 4 
Current Data Parameters 
NAME RMUp)Bnt8u 
EXPNO 1 
ro 究 O N l D l D O — 卜 Cn — l D O iD OJ O) (D OJ I D C D 呀 PRQCNO 1 ocotDcvj"~«c\jnoo — CD 卜 CTiif) CD (D rn 卜― o r^  r\i 
g rvj^r^-'^'TOj'^iDr^inTrur^ 卜 mo) 臂 O C D — co 
g m cj； cci r-" ^ ^ r-' f-： V rri oj 卜• r^ oi r^' ^  ^ m ^ F2 - Acquisition Parameters 
^ Tr^mfnmromtnru fv j ru rua j r-- r^  r^  cn m c\j « Odte_ 20051023 
/ V PROBHO 5 m BB0°M-1H 
PULPR06 zgdC 
丄 TD 65536 
r^ V-tSu SOLVENT C0C13 
v r ^ = ， 
(/"^ V^ /Y^  SHH 22675.736 HZ 
^ N FI ORES 0.346004 H2 / ~ \ j r \ ' / \ /"V_ AO 1.4451166 sec / \ ^ 4096 
/ ^ N trt DW 22.050 usee 
OE 6.00 usee 
T TE 296.2 K 
01 1,00000000 sec 
i ^ J Oil 0.03000000 sec 
I MCflEST 0.00000000 sec 
HCNRK 0.01500000 sec 
—— " C H A N N E L fl -••••••• 
MJC 丨 13C 
PI 3.00 usee 
P U -6.00 OB 




PCPD2 100.00 usee 
PL2 120.00 oe 
P U 2 19.00 OB 
SF02 300.1315007 KHz 
F2 • Processing parameters 
SI 65536 
SF 76.4677249 Vthz 
MON EM 
SSfi 0 
LB 3.00 HZ 
GB 0 
Ji^ �•^^^^^•^^fHMimWf^lMVvtpW**^ J IS^H*"^ ^ y W ^ j L ^ v W l D _ plot parameters 
CY 20.00 cn 
FIP 200.000 叩_ 
Fl 15093.65 Hi 
F2P 0.000 pp_ �rT~r~r~T I ' ' ' ' ' ' I • tpurM R M^ l ！ 
叩 m IBO 160 no 120 100 80 50 .0 20 = 
FV — RO r^ CM ^ M o CD O ^CDUiinrNr^ i^nrnrniDiDrvTro CD ID o oo rr o o in rC rnrppn 丨 PBRAM*»0RA 
6 O D O O O C N C D C N I N I N I N A J F M I D I D M CO CD R^ ID M o o o o ^ ujrreni udta f^araaeter， 
a m CO cd CO r-! r^ r-! f^ ' t^ ' iri iri iri c\j c\j c\j —二 d d o d rn rn 似 M PFC200.1 
V I N / \ l V = : 




PROBHO 5 aiB BBQ 8B-1H 
I PULPflOG zg yA^M® TD 32768 
SOLVENT CDC 13 
J / NS 32 
^ N / N ^ SHH 8992.606 Hz 
f'lORES 0.274439 Hi 
\ / \ / AO 1.8219608 sec 
/ ^ N AG 1149.4 
V A ^ ^ - t ^ OH 55.600 usee 
^ 0£ 79.43 usee 
TE 0.0 K 
L J 01 1.00000000 sec 
y ^ MCflEST 0.00000000 sec 
' MCMRK 0.01500000 see 
4-M«CjH<CH2RJK«p) (2f) 
• •……CHA N N E L ft -
MUCt IH 
PI 9.00 usee 
PLl -2,00 06 
SfOl 300.1312000 MHZ 
F2 - Processing parateters 
SI 32768 
SF 300.1300054 HH2 
WOH EH 
SSB 0 
LB 0.30 HZ 
GB 0 
PC i.OO 
ID NMR plot paraneters 
I I , i J CX 22.00 Cd 
�——XJUU U ——I : 二 ， 
A八八 l \ / h A A - 二 二 
» o V FO OJ O) — V O ；5 PPMCM 0.72727 ppm/c 勸 
c CD tt' CO “ c\j cu m f^ H2CM 218.27637 Hz/ca 
一 ” 131 
••"• ' "•• ' " I I I " … I " " " I I " •, I I • •,丨，• • " " m I m , I 
ppm 8 6 4 2 0 -2 -4 
o o r v O J i D D i r O T i o i r ^ i n o i v 10 ^ c o n o — ro 
R^ CTI ID 10 RU o O Current Data PARAMETERS E i D o o o o o O T i n i n L o r u o id m m in o ro aa uj「「eni uaio parameters Q. NAME PFC470 
a c D O D o a c o t D C D 卜 卜 卜 ID ru c\j ” 一 o m m 口 PNO 
\ l V V _ � ‘ 




I PROBHO 5 M BBO BB-IH 
1 / PULPROG Zg I ^ TO 32766 
k V / \ 7 SOLVENT CDC 13 
c f H c ^ = 
/ n V SWH 6992.606 Hz 
f ~ \ / \ // \ FIORES 0.274439 Hz 
‘ • \ l \ f AQ 1.8219506 sec KN RG 362 
C I 1 > OH 55.600 usee 
OE 79.43 usee 
^ ^ TE 0.0 K 
[ 1 01 1.00000000 sec 
^ S ^ MCREST 0.00000000 Sec 
1 HCHRK O.OISOOOOO sec 
aXCHjj jCtH.CHzRhdtp) (2g) CHANNEL ft 
NOCl IH 
PI 5.00 usee 
PLl -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300092 MHZ 
HOW EM 
SS8 0 
LB 0.30 HZ 
, GB 0 
I PC 1.00 
II I 10 NMH plot paraoecers 
\ . / / CX 22.00 CI 
^ J . CY 10.00 c . 
^^  八 — F!P 10.000 ppm 
A八八 A 爪 A A - 二 ： 
7S § ^ (rvj tt] cn] f^) F2 -1800.78 Hz 
13. o ru oj CTJ 5 ai 0 & 凑 PPMCM 0.72727 ppn/ci 
？ CO -^t' r-" o f\] A； u"； „ H2CM 219.27637 Hz/cm 
Hi I 丨 卜 
I ‘ ‘ ^  ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘»• ‘ ‘ ‘ ‘ ‘ • ‘ ‘ ‘ {‘ ‘ ‘ ‘ ‘ • • ‘ ‘ ‘ 11 11 I ‘ i 111111111111 'I n 111 m . n . n 1111 r n r i n i 111111 u 1 n p m 111 n 111 httri 11 jti ri " ” “ rrn.n 111'| 
ppn) 8 6 4 2 0 -2 
c^rncnoD'»-'iDCT>cDocDiDa"> "•-«r\jnjo ro m id ro m cn m o “ m—• e S S S S S g 围 围 5 ； S g g g S ffi RI g S SS Current Data Par,»MBr, 
O. • • . . . fJiUF pcrpci * QODODCOCDCD 卜卜 r^  卜 卜 r^inminm c\j c\j ru ai c\j oj —們 o o mm ��“ j , • j 
W / V V 二 ‘ 




I PROBHD 5 nn BBO BB-IH 
^ ^ PULPROG 2g I J 7 V*" TD 32768 
SOLVENT CDC} 3 
y狄乂 SMM 6992.606 Hi 
\ _ _ / " " V FIDflES 0.274439 Hz 
V / \ / V _ / AQ 1.B219506 sec 
N - \ RG 1149.4 
OH 55.600 usee 
T OE 79.43 usee 
TE 297.2 K 
L J Oi 1.00000000 sec 
J ^ MCRESr 0.00000000 sec 
‘ MCNRK 0.01500000 sec 
4-FCaH,CHjRh(ltp) (2h) 
•…•…CHA N N E L fl … • • … 
NUCl IH 
PI 5.00 usee 
PLl -2,00 dG 
SFOl 300,1312000 MHi 
F2 - Processing paraiteters 
SI 32768 
SF 300.1300062 HHi 
HOW EH 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
I I ID NMR plot parameter， 
— J U v u kI A ； 王 
A / V \ A / | \ A [“ 
•S o ( m "q- o — fc\j H f o F2 -1800,78 HZ 
^ § S g S K C； g PPMCM 0.72727 pp»/c. 
C ro cn cn CO 二 ru r\i HZCH 218.27637 Hz/cn 
— — 132 
I ^  I I M I» rrrn T 1 T 11 1 11 11 > ITP rti 11 I-I_I-「I MXRRRRJ N N 1 N >» RITI I 111111 N r 1 N 11111 r 1 N 1 N 1 Y N 1111 1 M 1 N 11 r M 11 [ 11 M M 1 N > 1 TITI-Ir \ N 
PPm 8 6 4 2 0 - 2 - 4 
Current Data Parameters 
NAME C13Rn (ttp)Bn-p-F 
EXPNO 1 
r \ j m m c n m i r ) i r > " * T 0 U 3 0 — cvi oi v od in PROCNO 1 
iDQAJ'^lDfUSOOQOOJOAj CD lO n lO 00 UD 
g 艾 L&incu — CO 卜内 ocD — cD r--rncn o <d (D <\i 
Q- r-" t-： iii d — 二二 F 2 - Acquisition Paraneters 
• m m m m m r v j r v i O j c u — -H 卜 r-^卜 c o c u — — Date. 20060316 
/ f ^ V PROB^  5 冊 BBo'^BBMH 
PULPROG zgdc 
TD 65536 
SOLVENT COO 3 
NS 16445 
/ " " V - F SHH 22675.736 Hz 
FI ORES 0.346004 Hz 
^ I / _ AO 1.4451188 sec 
C t K S 5792.6 
y \ / / N - / _ OH 22.050 usee 
\r【Z V O - OE 6.00 usee 
/ \ T v y ^ TE 0.0 K 
/ \ 01 1.00000000 sec 
all 0.03000000 sec 
Js. MCREST 0.00000000 sec 
r J MCNRK 0.01500000 see 
T •…•…CHANNEL f l 
‘-PCfiH善CHjRh("p) {2h) NUCl \3C 
PI 3.00 usee 
PLl -6.00 d6 
SFOl 75.4745111 MHz 
- CHANNEL f2 
CPDPRG2 waltz 15 
NUC2 m 
PCP02 100,00 usee 
P U 120.00 OB 
PL 12 19.00 dB 
SF02 300.1315007 MHZ 
F2 - Processing parmters 
SI 65536 
SF 75.4677242 HHz 
KOW EH 
SSB 0 
LB a.00 HZ 
GB 0 
j PC 1,40 
^ ^ ** 丨 … 丨 — • • 脚 解 _ , 譯 一 供 H ' ^ ^ ^ i J • Lt, 吻•__•_»__ m »* • …•叨 NHR plot parameters 
CX 23.00 en 
CY 10.00 CHI 
FlP 220.000 pp_ 
Fl 16602.90 H2 
F2P -40.000 ppot 
' ' ' ' ' ' ' I I I I , • " I • • • I • • M M , I I I • " I I • " _ M • M I M _ • , M M I，M M I • M I M , •丨 I I • I I I I | L^  . 
_ 200 lao 160 140 120 100 80 60 40 20 0 -20 二二" BSaiua'o Z/c. 
o-r^ uDin-^ mcDroo'-'mrvjcD'" rv. o) (\j o o r-«o 
S S S S! g g g current O.ta P»r»«eter» Q. . . . . uiuc acr 77 2 Q.cDtDaDaDoof^f^f^r«Hi^ r>>(^U3to cu c\j f\i — o mm " 
1/ M / V = � I 




PROBHO 5 m BBO BB-IH 
I PULPROG ZQ 
f S ^ C H TO 32768 
C n 7 0 SWH 9004.953 H2 
/ \ // \ \ FlOfleS 0.274809 Hz 
… / \ AQ 1.8i9-(932 sec 
/ ^ N RG 256 
dm 55.525 usee 
\ DE 79.32 usee 
TE 0 0 K 
01 1.00000000 sec 
I KCREST 0.00000000 sec 




PI 5.00 usee 
PLl -2.00 dfi 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300106 HHz 
NDW EM 
SSB 0 
Ufi 0,30 H2 
GB 0 
PC 1.00 
I ID NMfl plot paraneters 
I CX 22.00 en 
J J^ J J J[ CY 10.00 cu 
^ ^ ^ ^ ^ ^ ^ >1 FlP 10.000 pp. 
11 I J I II Fl 3001.30 m 
\ \ / \ \ F2P -6.000 ppa 
"5 o !n m S I fo] F2 -1B00.78 Hz 
会 o — even 5 PPMCM 0.72727 ppn/cn 
G TRI CD RV' ^ C\！二 ^ HZCH 218.27637 Hi/cm 
: “ 133 
" " ' ' " ' ' ( " " " " " ' ' " " ' ' ' I " " " " ' ' " " I “ ‘ I ‘ ‘ ‘ ‘«11 I I M 111 M I I n n I n i n u 1| 1111 m I I M I n I 1 I I M I N I 111 M m m I n n 
PPm B 6 A 2 0 - 2 - 4 
C 1 3 
Current Data Parameters 
NAME PFC 77.2 (13CI 
EXPNO 1 
r u o c n r - - c n i r ) ' r ^ r o o p ^ i D C \ i ru cn o r^ lo 对 PROCNO 1 
M CD TO rn M M M g on rn r^ ru — o i D O D O i m o r o r^mcn S ^ o 
g- CO m oi f-s" V-' 'T <\i cii r-' V nj d to 卜• r^： ir； “ m m F2 - Acquisition Pardineters 
^ '^•«Tmfnmmmrufu(\jajc\j o hv r^  cu Q^^^  20060514 
" W A I W \ V I V H r � 
PULPROG zgdc 
TO 65536 
j SOLVENT CDC 13 
of '刚0 
T / SWH 22675.736 Hi 
/ " Y ^ / f X FIOflES 0.346004 Hi 
„ V - N . /.N-y _ AO 1.4451188 sec v r v 叩 8192 
^ V / \ J W DH 22.050 usee 
？f vsr 
I 01 1.00000000 sec 
r J dil 0.03000000 sec 
J ^ HCREST 0.00000000 sec 
MCHRK 0.01500000 sec 
<-CNC,H«CHiRh(Bp) (21) 
CHANNEL ri — 
NUCl 13C 
PI 3.00 usee 
PLI -6.00 OB 




PCPD2 100.00 usee 
PU2 120.00 08 
PL!2 19.00 OB 
SF02 300.1315007 i^l 
F2 - Processing parameters 
SI 65536 
SF 75.4677242 m i 
NON EH 
SSB 0 
LB 3.00 HZ 
Gd 0 
I I I I PC 1.40 
— LAJAJi/UAXU .,M一料�...L— ^ V 丨丨丨丨丨.，• X X.., ID nm plot paraineters 
CX 23.00 cn 
CY 12.00 CM 
FIP 204.375 ppn 
F1 15423.75 Hz 
F2P -7.698 ppa 
n I ' ' I I • • ' ' ' ' • ' ' I • ' ' I • ' I I ' • ' I ' • • ' ' ' • • > I • • 1 r • • 1 . t I . . , . . , • . , I • . , I I 二汽二 HZ 
P 叩 160 150 HO 120 100 80 BO '^o s'o i 二二二 e i l Z Z c ： 
6 ^ i S S S S B S S S S i S § ^ S § S Current Oat. Parameter, 
a oi ru oj ru 二 （rjrri 糊 E PFC454 
靜 IN/ I V = ‘ 




PHOBHQ 5 nn 880 BB-lH 
I PULPROG 2g 
f \ ' H O j TD 32768 
" s ^ r N ^ SOLVENT CDC 13 
/ N ^ SHH 6992. B06 HZ 
— / y . / FIDRES 0.274439 HZ 
V ^ V / \ / AO 丨.0219508 sec 
M RG 1625.5 
oh 55.600 usee 
J L DE 79.43 usee 
f ] TE 296.2 K 
N y x ' 01 1.00000000 sec 
I MCREST 0.00000000 sec 




PI 5.00 usee 
PLI -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300060 HHz 
WDM EH 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
U . _ 丨 ID hfHH plot parameter， 
_ J L A X U “ 二二 
“- . -u . . ---- � I I , . … - FIP 10.000 ppn 
/ \ / V \ A A A � 二 
？ § fe ？ S RI 写 y “ -iaotwBHz 
2* § 2 2 2 o jS o PPMCM 0.72727 ppn/ci 
C • , ” • . • R HZCM 218.27637 HZ/C供 
OD -^T 03 c\j ry ^ 
134 
_ 8 6 4 2 0 - 2 - 4 
Current Data Parameters 
NAME ftn(ttp)CH2C&H4N02 
EXPNO 1 
--i inmoDcoojcT>'^cD^o)^ n CD U3 c D o c n — m PROCNO 1 ro n fu iD iD — o ” o c n c o f u ®inrn co CD ^  T fs ci 卜 — "TH ① r - o r n 卜 ncn <\i m id m rn 
Q o. ri oi、• fvl 卜• ri 二 ^ ' 二 二 . . . F2 - Acquisition Parameters 
o in;^ 口 mjj^j^j^^^oj^?^ r^  r^  t^  cn c^  co co o OatB_ 200E0604 
/ / V PflOBHO 5 ram BBo'^aB-lH 
1 I PULPROG zgdC 
TD 65536 
I SOLVENT C0C13 
OrO'"' -
J / SHH 22675.736 H2 
FIORES 0.346004 Hz 
y^ N / NV 1.4451188 sec 
_r\jr ^J/ VV"V- 呢 
/ \ r \ y OW 22.050 usee 
卜N N - l OE 6.00 usee 
V ^ V ^ TE 0.0 K 
^ 01 丨.00000000 sec 
dll 0.03000000 sec 
r J HCREST 0.00000000 sec 
MCKRK 0.01500000 sec 
4-NOiCeH4CH^ h(Hp)(2i) CHANNEL M — 
NUCl t3C 
PI 3 00 usee 
PLl -6.00 QB 
SfDl 75.4746111 HH2 
• • …… C K A鞭 L f2 — 
CPDPFLG2 NALTZIE 
NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 OB 
PL12 19.00 OB 
SF02 300.1315007 MM2 
F2 - Process iriQ paraneters 
SI 66536 
SF 75.4677238 MHZ 
WCM EH 
SSB 0 
L8 3.00 HZ 
GG 0 
PC 1.40 
CY 30.00 cm 
Ftp 220.000 ppn 
F1 16602.90 Hz 
F2P -40.000 ppn 
F2 -3018.71 HI 
广• PPMCM 11.30435 pp«/CR 
I I I I I 853.11334 Hz/c 
ppm 2 0 0 1 8 0 1 6 0 1 4 0 1 2 0 1 0 0 8 0 6 0 4 0 2 0 0 - 2 0 
r\j lOrooi for^cT^ooiooi io "r-i 努 oi 对 cu*^ o 
E 5 S g S ? ? SQ 8 § S Current Dm Parana tens 
a o i a i a i i t i ^：卜 . i r ^ rjnio； —— o „ „ NAME PFC483Irecryl 
I , I I E*PNO 1 
s ^ v ^ ^ V N V - 。 ‘ 




PflOBHO 5 nn BBO BB-IH 
X ^ PULPHOG zq 
I ^ J V C H O TO 32768 
SOLVENT CDC 13 
y - K / SHH 6992.606 Hz 
_ _ y ~ ~ Y _ f Rif FI ORES 0.274439 Hz 
^ W ^ V / \ / > _ _ / “ A Q 1.6219506 sec 
/ ^ N N - i RG 1024 
OH 55.600 usee 
T DC 79.43 usee 
TE 0.0 K 
D1 1.00000000 sec 
J ^ HCREST 0.00000000 sec 
I MCHRK 0.01500000 sec 
4.CHOCeH4CH2Rh(np) (2k) 
••……CHANNEL fl …••… 
NUCl IH 
PI 5.00 usee 
PLl -2.00 08 
SFOl 300.1312000 HHZ 
F2 - Processing parametei^s 
SI 3276B 
SF 300.1300048 HH2 
WON EH 
SSB 0 
LB 0,30 HZ 
GB 0 
PC 1.00 
A ID NMR plot paraneters 
_ h _ _ I k J [ J V _ _ L i i^p 王 
A A / V \ A M A - 3 = 
？ § S FCI^LS G G S S I -LFL00.7B HZ 
0 . 0 f\i D) ru ^ o iD ^ PPMCM 0 ,72727 pp_/c_ 
g CO ro (D n] r\i ^  ^ HZCN 218.27637 Hz/cm 
一 — 135 
'• '"••'•I M I M _ U • " " " , I • • " , I I • • I " , , • I I I • " I M • • • 
_ 8 6 4 2 0 - 2 - 4 
R h (ttp) ( C H 2 C 6 H 4 C 1 ) 
° Rj g S S Current Dal. P»r.«eters 
� � ^ � / 1 1 V , 丨 广 ， 二 r 
Tine 17.42 
INSTRUM dpX300 
PROBHD 5 M BBO BB-IH 
丄 PULPflOG zg 
f y - O TO 32768 
SOLVENT CDC13 
8992-006 Hz 
/ \ FIDRES 0.274439 HZ 
\ / \ T v y AQ 1.8219508 see 
Y S N N - \ RG 1625.5 
V - L A ^ dm 55.600 usee 
I OE 79.43 usee 
, > N TE 295.2 K 
01 1.00000000 sec 
MCflEST O.OOOOOOOO sec 
‘ MCHRK 0.01500000 sec 
4-CIC*H4CH,Rh(np) (21) 
•…•…CHAN N E L fl -••••••• 
NUCl IH 
p\ 6.00 usee 
PLl -2.00 dB 
SFOl 300.1312000 MHz 
F2 - Processing pars^eters 
SI 32768 
SF 300.1300054 MHz 
WDM EM 
SSB 0 
LB 0.30 HI 
GB 0 
PC 1.00 
I ID KMR plot paraneters 
I CX 22.00 cm 
/ [ i n J l / L . , , J I 一 I . . I -• . / V ^ J ^ ^ � FIP 10.000 ppn 
八 ' w ••_ H Fl 3001.30 HZ 
l\ /\]\ l\ 八 二。。： 
•S 8 fe a|S ；?; 5 ~ g PPWCM 0.72727 PP./C. 
^ o m oj t^ o T ^ M . HZCM 216.27637 Hi/cni 
I “‘ 
pp. 8 6 4 2 0 - 2 - 4 
Current Data Parameters 
NAME PFC RhtttplBn-Cl 
EXPKO 1 
i n i n c x i c n r ^� ⑴ o m r ^ n o ^ ® ® . F2 - Acquisition Paraneters 
I p： p： ？ ？ 2 0 0 5 0 3 2 6 
1 1 Tine 19.26 
Y V ESE^— 
TO 65536 
I SOLVENT C0C13 
y ^ / ^ ^ SWM 22675.735 Hi 
FIORES 0.346004 Hz 
\ 1 / I 7 AQ 1.4451188 sec 
/-V r \ !/ \ RG 8192 
—< V - \ V - V DH 22.050 usee 
h - H OE 6.00 usee 
4 1 / ) TE 0 .0 K 
01 1.00000000 sec 
Js. dll 0.03000000 sec 
L I MCflEST 0.00000000 see 
^ Y ^ HCHRK 0.01500000 sec 
4.CIC4H.CH,Rh(«p)(2l) CHA…EL M ••••• 
PI 3.00 usee 
PLl -6.00 OB 




PCPD2 100.00 usee 
PL2 120.00 dB 
PL12 19.00 dB 
SF02 300.1315007 m i 





LB 3.00 HI 
GB 0 
PC 1.40 
NMR Plot Para-«ters^ ^^ 
CY 20.00 c_ 
FIP 220 pp_ Fl IBlo^ ft HZ 
F2P -40.000 pp_ 
F2 -30ia.71 Hz 
p-i M , I 1 M I I I I 1 I I I I 1] 1 I M M I n I M I 1 I 1 I • M • M I M I I I | " " " • " 1 I " " " " ' I ' ' ' " ' ' ' ' I 冲HCM 11.30435 PPI»/C« 
nn.n ？nn iflfi iRO 14(1 1 ? o 1 0 0 Rfi fin 4(1 ？n n … 秘， 
i n o i D i n ^ m r x j i n g i c x i -； ^ ^ S S S m o 5 f 3 § 2 g 5 S Current Data Parameters 
e SfeS&gSSiRKiS SS R S p g S S S S ^  oo 二二 NAKE PFC396 
• • ‘ • • O J C X J C U ”” 們 o o 7 7 EXPNO 1 
g G D m i i i r - 1 - . r - r - . r - r - r - m m m ] j 
V I V V Y V � ， “ 二 r 
Time" 12.27 
INSTRUH dpX300 
PROBHO 5 M BBO BB-IH 
PULPflOC zg 
, TO 32768 
人 SOLVENT C0C13 
OrO- - 1 
SWH B992.B06 HZ 
V Z / W FlDftES 0.274439 Hi 
r X J ^ J / A / " ^ AQ 1.8219508 sec 
-~\J~\ / \ y\J~ RG 1^ 48.2 
卜H N-( OH 55.600 usee 
oe 79.43 usee 
I TE 0 . 0 K 
01 1.00000000 sec 
N y J HCREST O.OOOOOOOO sec 
1 MCWRK 0.01600000 sec 
4.BTC,H4CH,Rh(llp)(2m) CHANNEL fl 
NUCl IH 
PI 6.00 usee 
PLl -2.00 OB 
SFOl 300.1312000 MH2 
F2 • Processing parawters 
SI 32766 
SF 300.1300054 MHZ 
HOM EM 
ssa 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
10 NKR plot paraseters 
CX 22.00 c_ 
ii AX... 1 . .. .. J l J ^ 1 I I H P t o 0 0 0 PP« 
…“,•. I ^ V V t ^ W V、,“.••_ • • A , „ 咖 J 一丨-」 Fl 3001.30 HZ 
A / V \ A A A ；r 
o l (Ol O Ol OJ J； ffi 00 PPMCM 0.72727 ppn/CI 
1 g S S S fvi HZCM 218.27637 Hz/c. 2 m V cd ~ ~ ™ •“ 
I I " " " _'__'I " " " " I '： 
p p . 8 6 4 2 0 - 2 - 4 




！^  S S S S ？^]氏 S S J； SSS g p ！；^ S 
S i n i n o j — cn — f ^ v o D t n t^ (T) m ® • ' • fs - Acquisition Parameters 
l / ^ / Y I V t E 
TD 65536 
1 SOLVENT C0C13 
C V O " ’ SI ， 
SWH 22675.736 Hi 
\ T n 7 FIORES 0.346004 H2 
r \ / - \ AO 1.445UBB sec 
K n OM 22.050 usee 
1 S A v ^ A ^ OE 6.00 usee 
I 01 1.00000000 sec 
Oil 0.03000000 sec 
T MCREST 0.00000000 see 
4-BfC.H,CH,Rh<,ip) (2m) "CMRK 0.01500000 sec 
•••••••• CHANNEL M •••••••• 
NUCl 13C 
PI 3.00 usee 
PLl -6.00 OB 
SFOl 75.4745111 
• •……CHA N K E L f2 
CPOPRGS ¥d\U\S 
NUC2 IH 
PCPD2 100.00 usee 
PL2 120.00 d8 
PL12 19.00 aB 
SF02 300.1315007 MHZ 
I F2 - Processmg paraneters 
SI 65536 
SF 76 467722B MHz 
WDN EM 
SSB 0 
I LB 3.00 H2 
FIP 220.000 ppti 
Fl lelolffl HZ 
F2P -cnwjo ppa 
F2 -0.00 Hi 
r , , , , , 1 , 1 1 1 I I I I • • ' • ' • ' ' • I ' • ' • • • • ' • I ' I ' ' ' I fyWCM 9-56522 PP«/« 
nrun POfl iRO IfiO 1 如 1 川 川fl ““ 只0 川 —‘ ‘― 
cDm»-iinif>cnrs'«-«a)aDi-i'r-i^ o 豹 卜① o h - a 3 h - i n o u D ” o m e n 
6 S S 5 § current Data Pflrmters 
Saioiaiai 卜卜 r^  卜 r^  卜 ixjtcJ oi rn i \]r\ j“““““cici�ci “ “ 二 恥 l“P) CH20PnCn3 




PROBHO 5 M BBQ BB-!H 
1 PIA.PROG zg 
f ^ TO 32768 t J / solvent CDC 13 
Ss 
\ N I \ J SHH 8992.806 H2 
f ~ \ 「 \ / / \ / — \ FIDRES 0.274439 H2 
7 ~ \ 八 r \ r - AO 1.6219506 sec \ \ ^ AG 912-3 
\ J l J L } oh 55.600 usee 
OE 79.43 usee 
TE 0.0 K 
r J 01 1.00000000 sec 
MCflEST 0.00000000 sec 
I MCHRK 0.01500000 sec 
4 CH5CcH40CH2flh(ttp) (2n) 
LnANNtL r1 
NUCl IH 
PI 5.00 usee 
PLl -2,00 aB 
SFOl 300.1312000 MHz 
F2 - Processing parameters 
SI 32766 
SF 300.1300056 Hhz 
HOW EM 
SSB 0 
I LB 0.30 HZ 
GB 0 
Ii PC ,.00 
JH / ID NMfi plot parametePS 
I U U ^ ^ V J , ” 二。： 
r • - • • 丄 ^ ^ ^ • — ' F IP 10.DW)卯戴 
A N \ A l \ A A A - 3 = 
2 8 fe SIS S s s fe fe -1800.7Bm 
o C) o OJ o o rn f^ PPMCM 0.72727 pp_/c_ 
I 00 CD oj oj rvj fT) (vi HZCN 21B.27637 Hz/en 
I 
i ' ' ' ' ' ' '' ' ' ' * I ' ' ' ' ' ' ^' ' ' ' ' ' ' ' ' ' ' ' I ' ' ' ' ' ' ' ' • • ' ' I '' ' I • ' ••• • • 111 • I n 1 r> 11 n-rp 111 r ri i i i 11 tt 11 n 11 n 111 m i n » m 1111 rr| i i-t tt iiTrrrn 11 n n } 
ppm a 6 A 2 0 - 2 - 4 
Rh (bocp) CI 
c ^ v g i m 二 t o c n c D ^ r i n o o 
e S S S tS ！ n i n J i r ^ S ? S o S Current Data Parameters 
g 卜.r^r^.r^r^： d o o NAME PFC207.2 
, , 丨�《 EXPNO 1 
f y _ � ‘ 




PROBHO 5 MB BBO BB-IH 
PUt-PROG Zfl 
T TO 32768 
SOLVENT CDC 13 CI V q NS 32 
L ^ L T DS 0 
SHH 8392. B06 HZ 
\ / " V f "ORES 0.274439 HZ 
DW 55.600 usee 
/ OE 79.43 usee CI ^ CI TE 0.0 K 
L ^ 卩 1 1.00000000 sec 
J MCflEST O.OOOOOOOO sec 
+ MCHRK 0.01500000 see 
An(bocp]C( (3) 
…••…CHA N N E L fl 
NUCl IH 
PI 5.00 usee 
PLl -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300056 MHz 
WOW EH 
SSB 0 
LB 0.30 Hz 
GB 0 
PC 1.00 
10 NMR plot pdraneters 
M j . . ； " = “ 
-1 — ^ 嚷 ^ — • FIP 10.000 ppn 
1 I I Fl 3001.30 HZ 
\ \ F2P -6.000 ppn 
？ § J, £ -»800.76 HZ 
tt o CD ID PPMCM 0.72787 ppn/cM 
c CD ID HZCM 21B.27637 Hi/cm 
r) 
一 1 3 8 
" " ' •丨丨 I 丨• • • • •.…丨•"，••丨丨丨丨,m 丨 m m m M m 丨• • m “ •• i 丨• m • n 1| i u m m 11 n i u m 11 u m i i i m i 
PPfn 8 6 4 2 0 - 2 - 4 
CD 卜 "^对 oim«»~«cDm"»"iiocDQDaQCT)ir)r"-rv>iD^^crjo")”iDd m ID 
卜 i D i n m 臂对 n m a j o o j c o m o m ® lurrent uata Parameters 





PROBHD 5 M 日BO 8B-1H 
v L ' PULPROG iq 
T / ) TO 3276B 
f ^ r ^ S ^ SOLVENT CDC 13 
i x / f 1 
SHH 8992.806 HZ 
\ r \ r \ / "DAES 0.274439 Hz 
< Y A jpn \ ( ( - AO i.8219508 sec 
, U y / \J ^ \ RG 1625.5 
J ^ y ^ a 0 稱 55.600 usee 
oe 79.43 usee 
CI ^  CI T£ 296.2 K 
[ J D1 1 .00000000 s ec 
MCREST O.OOOOOOOO sec 
+ MCWflK 0.01500000 sec 
— 剛 CHANNEL R, 
NUCl IH 
PI 5.00 usee 
PLl -2.00 OB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32766 
Sf aOO.1300063 HHZ 
HDH EH 
SSB 0 
LB 0.30 HI 
GB 0 
PC 1.00 
I I I I / I ID NMR plot paraaeters 
1」I I 〗 • 广 ） W ^ L J ^ 人 , 丄 J I.. LU . r A r - J c . - n , ^ ^ ^ - n J 1 “ 50：^ cI 
/ A A A A A A 二 ： 
g- O o o r ® o ol PPMCM 0.72727 ppn/ci 
I V V CO « rvj oi ^ „ HZCM 218.27637 Kz/ca 
I " ' 1 • • " • I ' " ' " " ' ' ' ' ' " ' " ' I " ' " ' " I 11 [ I M 1111 I 11 n I 11 11 11 11 I I n 1111 i n 11 I M 111 I I n 11111 n 1 
p p m 8 6 A 2 0 - 2 - 4 
o^ir^corvaaocM m r>."«Tm0U3C\jcD''-'00 
e g S S ? . t S o o S 5 S § 5 current Data ParaMlers 
g� � t - ： 卜 • r-. r•；卜• ；勺 ” „ „ „ “ „ d o o c； A^ME PFC1B9.1 
I 广 V w = ‘ 




PflOBHO 5 nn BBO BB-IH 
PULPROG zg 
pi, TO 32768 
' Y r \ SOLVENT CDC13 
, O r Ss 
^ / P SMH 8992.806 M2 
' ^ - / ^ V / C V ® ' FIDRES 0.27443S Hz 
K ^ I X T C K 二 ’ = 咖 
^ N ^ OH 55.600 usee 
OE 79.43 usee 
cl ± I rE 0.0 K 
r j 01 1.00000000 sec 
MCREST 0.00000000 sec 
y L MCWRK 0.01500000 sec 
• … … - C H A N N E L fi -
NUCl IH 
PI 9.00 usee 
PUl -2,00 dB 
SFOl 300.1312000 MHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300056 HHi 
HDH EH 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
ID NMR plot paraaeters 
lU CX 22.00 Cd 
^ L i 1 ^ U j ) L : 二 二 
八 A V \ - 二 ： 
？ § S S 1 g f S i 5 - 1 B 0 0 . 7 B m 
j p c ^ 二 — ^ OT PPMCM 0.72727 ppm/c 儀 
c ^ rn CO aj in ro ^  HZCM 21B.27637 Hi/cm 
^ — “ 139 
丨… I", ']" " u • i • " " " M _ i, u ! 
ppm 8 6 4 2 0 -2 -4 
ID CO lO r^ uD cn o cm 
E 5 S £ S S I?! 8 g g Current Data Parameters S c j i c d c d 卜 卜 ^ ^ o d 糊 E PFC234.2 
I I I I I I EXPNO 1 
\ V V _ ‘ 




PROBHO 5 m BBO BB-IH 
V / PULPROG zg 
TO 32768 
] T SOLVENT C0C】3 
NS 32 
_ V / ^ V V T Y ^ V L SWH B992.B06 HZ 
\ _ W r i f' N - / _ / FIDRES 0.274439 Hz 
/ V / \ AQ 1.8219509 SBC 
/ \ j \ j AG 362 
」 / ^ N N - ( OW 55.600 usee 
" A K K ^ J ^ K OE 79.们 usee 
^ TE 297 .2 K 
D1 1.00000000 sec 
r J MCREST 0.00000000 sec 
MCWflK 0.01500000 sec 
— C H A N N E L fl … • • … 
Rh(Wbpp)CI (4) NUCl IH 
PI 9.00 usee 
PLl -2.00 dB 
SFOl 300.1312000 HH； 
F2 - Processing pardneters 
SI 32768 
SF 300.1300065 HHZ 
NDH EH 
sse 0 
LB 0.30 HZ 
GB 0 
PC t.OO 
j 10 NMR plot parameters 
J W, CX 22.00 cn 
儿 — 丄 ,� 」 C Y 30.00 c» 
- "‘ ‘ ‘‘• FIP 10.000 pp_ J I I I 1 Fi 3001.30 HZ 
/ \ \ \ F2P -6.000 pp» 
？ § § S 2 Di F2 -1800.78 H2 
O, O O r^J cn PPMCM 0.72727 ppn/« 
I CD ^ TT V oj HZCM 218.27637 Hi/cm 
I ' • ' ' _ • ' 广 ‘ f ' " " " " " I " " " " " " " " " ' I " " " " " " " " " ' I " I • I I • I • " • I I M … I I I I " I I I i l l ! [ I I I " • _ M I I I 
ppm a 6 2 0 - 2 
【 g S i g f C S 二 岗 S g g s S I Current D m Parameters 
acocDcoajacicdcomccir^  卜卜•rviiciiriiriifinifri:-^;;"^"^ 二二“ ；二“ “二 cioci m m PfC426 




PROBHO 5 M BBQ BB-IH 
J ^ PULPROG zg 
TD 32766 � T 
-V \ / f； V- SWH B992 • BOB Hi 
V - ^ FIORES 0.274439 Hz 
\ — / " Y \ y \ / 1.8219508 sec 
/^ V j^ 'A ^r- DH 55*600 usee 
A A DE 79.43 usee 
7 TE 0.0 K 
01 1.00000000 sec 
>v J ^ I MCREST O.OOOOOOOO sec 
MCWRK j 0.01500000 seC 
Rh{ldbpp)Bn (4e) 二J;•…融EL M 
PI 5,00 usee 
PLl -2.00 dB 
SFOl 300.丨312000 HHZ 
f2 一 Processing parameters 
SI 32768 
SF 300.1300046 HHz 
WOW EH 
SSB 0 
LB 0 30 Hz 
GB 0 
PC 1.00 
10 NMfl plot paraneters 
I I , I CX 22.00 cn 
一 _ , . . } j A r 武 a r J ^ i i . J j /[ I CY 30.00 cn 
• “ “ “ • r- ••__ F1P 10.000 ppm 
\ \ A A A A A 工 
？ g S £ SI S 5 [S J； M F2 -IBOO.78 hi 
O, o o ID ^ r o cn 5 PPHCH 0.72727 ppn/ci 
c CD ^ (-0 ^  -r, r\i oi 二 ^ HZCM 218.27637 Hz/cm 
— 卜 140 
" " " ' I I • ' ' 'HTri I 1 丨 M , I. • I H • I • H M ‘ • I I ‘ • • I 1, , , • , • I M M • I I I I • I I • • I I I I 1 • I I I • M .1 M M I M 
ppm 8 6 4 2 0 -2 -4 
Rh (ttp) (C6H5) 
S current Data P»r.«eler, 
S o o c c i c r i a j c d c d a i 卜卜 r^ 卜卜 r ^ f s i i n i n m 臂"^j^Nr、. oj ^ ^ ^ d o o o d d o 細[ PFC240.1 (recry) 
I I EXPNO 1 




PROBHO 5 an BBO BBMH 
PULPROG zg 
I ^ TD 32768 
y _ / SOLVENT CDC13 
/ N W SMH 8992. B06 Hz 
— / y j RiT V _ / > _ FIORES 0.274439 Hz 
V / \ 」 / AQ 1.82丨 9508 sec 
/''A RG 1824.6 
DH 55.600 usee 
1 DE 79.43 usee 
r ] TE 296.2 K 
D丨 l.OOOOOOOO sec 
1 MCREST 0.00000000 sec 
HCWRK 0.01500000 sec 
CoH,Rh(tlp)(5) 
— CHANNEL ft — 
NUCl IH 
PI 5 00 usee 
PLl -2.00 OB 
SFOl 300,1312000 KHZ 
F2 - Processing paraneters 
SI 32768 
SF 300.1300056 MHz 
WOW EH 
SSB 0 
L8 0.30 Hz 
GB 0 
PC 1.00 
_ ID NMfl plot parameters 
N . CX 22.00 CB 
L A J L / L U L k J L ; 二二 
l\ l\l\ l\l\ A l\ - :。二 
？ § S S § I； y “ -1800.70 m 
» ® ^ ® — C\J CO OJ PPMCM 0.72727 ppn/cR 
I CD 00 CO - ru — rvi HZCM 218.27637 Hz/ca 
f " I " " I I " " I • " • 111 • M " 111 m m • " I " m I " m i • i " m p 丨 i 丨 _ • 11 • 11 • I ’ • " " _ I T | 
Ppm B 6 A 2 0 - 2 - 4 
Current Data Parameters 
NAME RFC 530 !3C 
EXPNO 1 
o o i n i D C M r v f n c n - r ^ r v r v j ^ r ^ ^ o o n PROCKO i 
二 7：!們 T：；— » ^ � O Q O CD UD M M e rn-viDinM-icji^ hvruruiD r^  m (T» S 
g m o) r^ XT W ai r^ ' r> o f e r v i d ^ F2 - Acquisition Parameters 
��� � Oate_ 20060322 
^ ^ ^ ^ ^ ^ ^ l/,^：^ \ / INSTRUM mm 
1 1 (f ffr Y PROBHO 5 nn BBQ BB-IH 
PUUPROG zgdc 
i TO 65536 
I > SOLVENT C0C13 
NS 1B223 
/ V ^ ^ ^ N SHH 22675,736 Hz 
X FIORES 0.346004 Hz 
— / \ J RIT AO 1.4451 IBB sec 
/ \ 7 v - / RG 912.3 
^ ^ DW 22.050 usee 
OE 6.00 usee 
1 TE 0.0 K 
f l D1 丨.00000000 sec 
N y ^ dil 0.03000000 sec 
T MCREST 0.00000000 sec 




PI 3.00 usee 
PLl -6.00 dB 
SFOl 75.4745111 MHz 
CHANNEL f2 •…•… 
CPDPflG2 Na]tzl6 
NUC2 IH 
PCPD2 IDO.OO usee 
PL2 120.00 dB 
PL12 19.00 OB 
SF02 300.1315007 MHz 
F2 - Processing parameters 
SI 65536 
SF 76.4677249 HHZ 
WDH EH 
SSB 0 
LB 3.00 Hz 
" J J L .]_• . _ i . PC 1.恥 
— -L I • - - ID NMR plot paraMters 
CX 83.00 CD 
CY 10.00 cm 
FlP 220.000 ppot 
Fl 16lq44> 
F2P -io^cm ppm 
…丨 ' • • I 丨• I • » I … M 丨丨"I 丨 • I I I M I I , • I , , , • . 1 L^ -SOIS.ZI HZ 
nnin POO iflo iRfi 140 1 ?n inn Rn Fin Jn ？o n lin ^^！^ ji.30«5 pp»/c« 
g f ^ o o o o o o O T c n i n i n i n i n r u r^ lo in ^ ^ li； o o o Current Data Parameters 
S o o c D C O c o G D C O t D h - 卜 r-otv 卜 c\i 二 o o o o o o o NAME PFC585 (IH) 
V = ； 




I p PRO0HO 5 nil BBO BB-IH 
人 PUtPflOG zg 
f 1 TO 32766 
^ ^ \ ~ y SOLVENT C0C13 
OS 
W N / N ^ SHH 8992.806 Hz 
/ % / \ / • • ‘ F I D R E S 0.274439 HZ 
\ / \ T \ . J AO 丨.8219508 sec 
/ ^ N N - i RG 228.1 
OH 55.500 usee 
DE 79.43 usee 
TE 0.0 K 
r J 01 1.00000000 sec 
^ Y ^ MCREST 0.00000000 sec 
I MCHHK 0.01500000 sec 
4.FC.H4Rh(NP)(6a) …••”• CHANNEL fl ••”•… 
NUCl IH 
PI 5.00 usee 
PLI -2.00 OB 
SFOl 300.1312000 KHz 
F2 - Processing paraneters 
SI 32768 
SF 300.1300051 HHZ 
HOW EM 
SSB 0 
LB 0.30 Hz 
GB 0 
PC 1.00 
办 1 10 _ plot paraneters D I CX 22.00 » 
A J\ J\ A I A . A JJi CY 10.00 c« H , , ,, _  — FIP 10.000 ppn 
A A \ 八 二 二 
C 03 V m 00 c\J ^ a； H2CM 216.27637 Hz/cm 
丨 …"I" I I •••_, IMI_""| I", 11," 
ppm a 6 4 2 0 -2 -4 
Current Data Parameters 
NAME PFC533(13C) 
EXPNO 1 
？ s PAOCNO i 
E rnmr^xrooocnoDaiof^ S S S g 
巨 ？ f： f： g - - Actunsit 丨 on Parameters 
I It I 1 11 r r Y PROBHD 5 Affl BBO BB-IH 1 / PUi-PROG 29dC 
f ^ TD 65536 
\ J SOLVENT CDC 13 
C r V T - ， 
r \ / N 、 S H H 22675.736 Hz 
Rh \ J FIOfiES 0.346004 Hi 
^ U N AQ 1.4451166 sec 
< C L 邮 819a 
DW 22.050 usee 
^ ^ OE 6.00 usee 
r J TE 0.0 K 
01 1.00000000 sec 
I dll 0.03000000 sec 
<-FCftH^ R»>(itp) MCREST 0.00000000 sec 
MCHRK 0.01500000 sec 
CHANNEL M 
NUCl 13C 
PI 3.00 usee 
PLI -6.00 dB 
SFOl 75.4745111 HH2 
• •……CHAN N E L r2 
CPDPRG2 walU16 
NUC2 IH 
PCP02 100.00 usee 
PUa 120.00 dB 
PL 12 19.00 dB 
SF02 300.1315007 HHz 
F2 - Processing parameters 
SI 65536 
SF 75.4677246 MHz 
HDH EM 
SSB 0 
LB 3,00 HZ 
GB 0 
I PC 1.40 
“ 悄 • ^ 论 … 1 1 丨 M ^ - I I I , J • • A ^ 一 一 广 ’ V - r JU」,..m^. NHR plot parameters 
CX 23.00 cm 
CY 10.00 CfB 
FIP 220.000 ppi 
Fl 1 树 - 黄 H z 
F2P W m ppn 
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